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SUMMARY
With the aid of a historical review, it has been shown that 
the existence of a single local resonance within a broad-band 
acoustical or electro-acoustical system can be considered to be 
the unit cause for all objectively generated colourations#. Such 
being the.naturally occurring state of affairs, one is led to - 
investigate the subjective effect of the presence of the local 
resonance# This was done using a single resonance colouration 
synthesizer with music, speech and pink noise as programme mate­
rials*
The results of the subjective tests show that the degree of 
audibility of a single resonance colouration depends upon the type 
of programme material used as well as the frequency, Q and dilu­
tion of the resonance* Dilution is a parameter which gives a 
measure of the relative energy modification of the programme caused 
by the presence of the resonance. The results also indicate that 
subjectively generated colourations do exist,;but their effect is 
less significant than the objectively generated variety which can 
be classified under the headings of: 
a# Driven-state colourations 
b# Transient-state colourations 
c# Inter-state colourations
These colourations are in turn caused by certain fundamental mecha­
nisms like humps, transient decays and frequency shifts which 
govern the audibility of objectively generated colourations in 
general*
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LAYOUT OF THE THESIS
This thesis has been presented in two volumes# The first 
volume contains the text which has been divided into eight sec­
tions, three appendices and a bibliography# The second volume 
contains inspectional items, such as Figures, Tables and Photo­
graphs, relating to the text in Volume 1# In Volume 2, with the 
exception of Sections 9 and 10, which contain graphical represen­
tations of the results and the raw data respectively, the remain­
ing sections have been given the same numbers as those of their 
corresponding sections in Volume 1# In every one of the former 
sections, the Figures, Tables, etc#, appear in the same order as' 
that in which they have been referred to in the corresponding 
section of Volume 1# However, there are some figures which have 
been presented, for the sake of convenience, in the vicinity of 
their accompanying text in Volume 1# These figures do not appear 
in Volume 2 and a note to that effect appears at the beginning of 
each relevant section in Volume 2# Whenever necessary, a list of 
symbols has also been given at the beginning of the various sec­
tions of Volume 2.
In both volumes, the items which are potentially referable, 
such as pages, figures and formulae, have been numbered in decimal 
notation in relation to the section or part in question# For 
example, pages 3*4 and Al#2 refer to the fourth page of Section 
3 and the second page of Appendix 1 respectively# The formula 
and page numbers always appear on the right hand sides of the 
pages#
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SECTION 1
THE ORIGIN AND MEANING OF 
THE TERM TONAL COLOURATION
The term ntonal colouration” seems to have been introduced 
into acoustical literature by Shorter (1946)* He used it to - 
describe a tonal characteristic which was imparted by certain 
loudspeakers to the programme they radiated, and suggested that 
the subjective effect was caused by the presence of local reso­
nances within the physical assembly of the loudspeaker system.
In other words, the latter would modify the spectral contents 
of the programme in the vicinity of the resonances. Furthermore, 
since the subjective effect of a spectral modification in physical 
optics is a change in the colour of the light, the underlying 
analogy between the term ”tonal colouration” used to describe a 
tonal characteristic and its optical counterpart becomes apparent.
Broadly speaking, the accepted meaning of ”tonal colouration” 
has remained unchanged since its introduction. However, it has 
since acquired certain shades of meaning in addition to labelling 
similar tonal characteristics imparted by other acoustical sys­
tems such as rooms. Nevertheless, the phrase has always been 
used to imply tonal accentuation over a relatively narrow band 
of frequencies within the overall spectrum of any form of broad­
band auditory stimulus. Tonal deficiencies on the other hand, 
have not been conveyed by the accepted meaning of the term.
The sound so described may be a naturally occurring one 
such as speech in the open air, or one that has undergone tonal 
modification by a transmission or processing medium such as a 
room or a loudspeaker. For example, certain male voices are 
said to be ”deep” while some females* may be called ”screamish”. 
Both voices are referred to as being "coloured”, but the subjec­
tive effect of the former is generally considered to be pleasing, 
whereas, that of the latter is usually perceived unfavourably. 
Therefore, so far as naturally occurring sounds are concerned 
the subjective effect of colouration may be either beneficial 
or undesirable.
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The same duality of interpretation has also been applied 
to processed sounds. For example, if an average male voice were 
to be processed by a system that synthesised a measure of 
"deepness” onto the voice, the resultant sound would be called 
coloured and unnatural but not necessarily undesirable# The 
encouragement to sing given by a tiled bathroom to a male voice 
is not an uncommon experience.
The beneficial characteristics of colouration, though excep­
tional, are also manifest in the field of audio engineering.
For instance, sound recording and reproduction engineers often 
stipulate that the apparent position of the sound image produced 
by a loudspeaker should be "distant” or "close” relative to the 
observer in order to achieve better simulation of the original 
sound. In support of this criterion, it is argued that the best 
listening position to an orches.tra in a concert is about fifty 
feet away from the musicians, whereas the average distance bet­
ween a loudspeaker and a listener in most rooms is of the order 
of ten feet. On the other hand, normal conversations are con­
ducted only a few feet apart. Therefore, the spatial discrepan­
cies need compensation. The apparent spatial shifts required 
to simulate "distance" or "presence" are achieved by selective 
attenuation or amplification of a narrow band of frequencies 
within the middle of the audio spectrum.
However, generally speaking, colouration is considered to 
be an undesirable phenomenon especially for sounds that have been 
processed in some way. The low frequency tonal impairments 
caused by some small talk studios or the characteristic tonal 
quality of many loudspeakers are examples .that illustrate the 
undesirability of tonal colouration.
Summarising, the accepted meaning of colouration may be 
described as that tonal characteristic of a broad-band auditory 
stimulus which is continually manifest during audition in the 
form of accentuated narrow bands within the overall spectrum of 
the programme. The latter may be a naturally occurring sound 
in which case colouration is considered to be a characteristic 
whose desirability depends upon cultural norms. On the other 
hand, if the sound has become coloured through processing, then’
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the effect is regarded as a departure from the naturally occu­
rring status quo, and it is generally considered to he undesi­
rable with some exceptions; almost all of which may be accounted 
for in terms of cultural adaptation.
This thesis is concerned with processed sounds, and in 
particular, with the subjective effect of the processing medium 
on the original sound. It is not concerned with tonal charac­
teristics that have been generated deliberately in order to 
satisfy artistic requirements. For example, the tonal balance 
of an orchestral piece of music, either in concert or.through 
recording and reproduction, is considered to be outside the 
scope of the accepted meaning of tonal colouration.
In the next section, a historical survey of the subject is 
made with the aim of establishing the objective mechanisms that 
generate colourations. Subsequently, details are given of p.n 
investigation conducted in order to quantify the subjective 
effect of the presence of a single local resonance within a 
broad-band processing system.
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SECTION 2
HISTORICAL REVIEW OF TONAI COLOURATION
2.1 Architectural Acoustics
Architectural acoustics is certainly the oldest branch of- 
the acoustical sciences. Therefore, Its historical path of 
development is a logical place to search for the origin of tonal 
colouration as a recognized phenomenon.
Theoretically speaking, the sound produced in a Greek amphi­
theatre could have been coloured, because the superposition of 
the direct sound and its reflection from the wall behind the stage 
of the theatre could have given rise to colourations. This point 
will be discussed in detail later in this section. For the 
moment, it could be said that although distinct echoes may have 
been audible as a result of the reflections from the back wall 
of the stage, in view of the basic acoustical problems, like 
sound distribution, which confronted the engineers of the time, 
it is reasonable to suppose that any tonal colouration present 
would not have been recognized.
Excellent though amphitheatres may have been in "their day", 
especially in a Mediterranean climate, the ever growing demands 
of mankind soon called for development. In those days, the Greek 
methods of urban transport were relatively silent, and there were 
no aircraft to produce aerial noises. Besides, were an amphi­
theatre to be built in parts of the world that are climatically 
less fortunate, wind exclusion would soon demand four walls, 
and the addition of a ceiling to keep the rain out would present 
one with the problems that are associated with the acoustics of 
enclosures.
Before undertaking a historical review of the occurrence 
of colourations in rooms, a brief reference to an observation 
made by Huygens in 1693 would be of historical interest. As he 
was standing at the bottom and to the front of a tall flight of 
stony stairs leading to a garden, he noticed that the noisy 
sound coming from a fountain behind him and near to the steps
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had a distinct pitch. He rightly explained this effect in terms 
of the interference pattern arising from the superposition of 
the direct sound from the fountain and its periodic reflections 
from the steps of the staircase. The present investigator read 
an account of the previous observation in a thesis by Bilsen 
(1968) who also gives a summary of a number of other similar 
cases observed by different people throughout the ages. However, 
for the moment, the text will follow the path of development of 
the subject on a chronological basis.
It was the advent of orchestral.music together with its 
associated requirements that called for large concert halls. At 
the time, lack of knowledge in addition to the mysticism inherited 
from the middle-ages produced its own brand of auditorium "engi­
neering" which was based upon beliefs rather than facts and 
lasted for the best part of two centuries (Beranek, 1962).
The middle of the nineteenth century marks the beginnings 
of modern acoustics. Various papers began to appear, each dea­
ling with a particular aspect of sound, and the climax was marked 
by a two volume publication on "The Theory of Sound" by Lord 
Rayleigh (1896).
As the title suggests, the thesis was basically a theore­
tical exposition of the subject which included a chapter on 
architectural acoustics. By applying the wave equation to the
ed
spatially boundA conditions of a rectangular room he established 
the now well-known equation for the frequencies of the natural 
modes of vibration of a room, namely:
/ n ~ n ~ n 
f = |  / (^)2 + ( ^ ) 2 + ( ^ ) 2 2.1
J x y z
where: f, is the frequency of a mode designated by a particular
set of integer values for n , n and n , c is the velocity ofA Jf 4-1
sound and 1 , 1 and 1 are the lengths of the sides of the room, x’ y z
In support of the implications of this formula he wrote:
"Some of the natural notes of the air contained within a
room may generally be detected on singing the scale".
Further on in the same chapter he wrote:
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"The complete establishment of stationary vibrations with 
nodes and loops occupies a certain time during which the sound 
is to be maintained# When a harmonium reed is sounding steadily 
in a room free from carpets and curtains, it is easy, listening 
with a resonator, to find places where the principal tone is 
almost entirely subdued# But at the first moment of putting 
down the key, or immediately after letting it go, the tone in 
question asserts itself, often with surprising vigour#"
The previous paragraph clearly indicates an objective cause 
for colouration namely, the emphasis or attenuation of certain 
frequencies as a result of the standing waves of a room# In 
addition, he also indicates their subjective effect. However, 
because of the generality of lord Rayleigh's undertakings on 
the theory of sound, his contributions to architectural acoustic, 
though fundamental in essence, were of limited value to the 
practising architectural acousticians of the period.
It was Wallace Clement Sabine (1922) who finally conducted 
detailed investigations in order to establish a scientific basis 
for the engineering aspects of architectural acoustics. He 
commenced this arduous task in 1900 with the following require­
ments as his axiom#
"In order that hearing may be good in any auditorium, it 
is necessary that the sound should be sufficiently loud; that 
the simultaneous components of a complex sound should maintain 
their proper relative intensities; and that the successive sounds 
in rapidly moving articulation either of speech or music, should 
be clear and distinct, free from each other and from extraneous 
noises. These three are the necessary, as they are the entirely 
sufficient conditions for good hearing."
To begin with, he set out to investigate the phenomenon of 
reverberation which in his view consisted of the cumulative 
effect of the decaying reflections of the original sound within 
the room# As a result of these investigations he discovered 
the now classical formula for the reverberation-time of an 
enclosure, and his methodical and thorough approach also led 
him to realize the importance of an optimum reverberation-time#
He then carried out a number of listeningtests in rooms of
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different sizes and established the dependence of the optimum 
reverberation-time upon the volume of the room and the pro­
gramme used. This was followed by an objective investigation 
into the variation of reverberation-time with frequency, the 
cause of which he correctly attributed to the frequency depen­
dence of the absorption of the sound absorbing materials which 
he had used.
The constant temperature room at Harward University which 
Sabine used as his reverberation chamber for the measurement of 
absorption coefficients also helped him to discover two separate 
effects. Firstly, he observed quite by chance that the intensity 
of an organ note produced within the room was not constant through­
out the room and consisted of areas of maximum and minimum inten­
sity. He correctly attributed this effect to interference, ;and 
went on to map out the interference pattern in the room. It 
seems however, that at the time Sabine was not aware of the ; 
existence of Lord Rayleigh’s publication because the latter had 
previously discovered the foregoing effect. Sabine’s second 
observation can best be described in his own words:
"There is another phenomenon, in its occurrence allied to 
interference, but in nature distinct - the phenomenon of reso­
nance. Both, however, occasion the same evil - the distortion 
of that nice adjustment of the relative intensities of the com­
ponents of the complex sounds that consitute speech and music.
The phenomenon of interference just discussed merely alters the 
jjlntensityJ distribution of £a pure tonej sound in the roomy 
causing the intensity of any one pure sustained note to be above 
or below the average intensity at near points. Resonance, on 
the other hand, alters the total amount of £a pure tonej sound 
in the whole room and always increases it. This phenomenon is 
noticeable at times in using the voice in a small room, or even 
in particular locations in a large room.*1
It seems that by resonance he meant the isolated normal 
modes of a room, and in particular the low frequency modes whose 
decay times could not have been reduced by the sound absorbing 
materials which he used. However, although Sabine repeatedly 
referred to the **phenomenon of resonance** and its relation to
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room acoustics, there is no record of any quantitative work 
undertaken by him on that subject# Possibly, it was to have 
been the topic of one of the many papers which he had under 
preparation when he died, because it is inconceivable that a 
man of his thoroughness would have gained satisfaction from a 
semi-quantitative knowledge of the phenomenon. On the other 
hand, lack of the necessary apparatus may have prevented him . 
from proceeding any further# Nevertheless, the following quo­
tation will illustrate his acute awareness of the importance of 
the response of a room to a sound source.
"The musical quality of a tone depends on the relative 
intensities of the overtones# It has been customary, at least 
on the part of physicists, to regard the relative intensities of 
the overtones which define the quality of the sound, as depen­
ding simply on the source from which the sound originates# Of 
course, primarily, this is true# Nevertheless, while the source 
defines the relative intensities of the issuing sounds, their 
actual intensities in the room depend not merely on that, but 
also, and to a surprising degree, on the room itself."
From Sabine*s publications, it is clear that he was aware 
of the presence of colouration in rooms. He named "resonance" 
as the objective cause, and described its subjective effect 
vividly# However, his overall treatment of the subject was 
rather qualitative#
In this respect, it should be mentioned that the apparatus 
which he used was crude by present day standards. At the time, 
production and quantitative detection of a pure tone of adequate 
intensity was almost impossible. Therefore, one cannot help 
but admire him for the manner in which he extracted so much 
accurate information with such crude an apparatus which essen­
tially consisted of a number of organ pipes, a chronograph and 
his ear as the detector. It was this lack of adequate apparatus 
which in fact presented him with an unsurmountable barrier.
His immediate followers were also confronted with the same 
problem, and therefore, the advancement of architectural acous­
tics had to await technological improvements. It was in the 
late 1920*s that developments in electronic amplifiers, loud-
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speakers and microphones enabled further investigations in 
architectural acoustics to commence.
In 1929 and 1930 two papers were published by Schuster and 
Waetzmann (1929), and Strutt (1930) respectively, both dealing 
with reverberation from a purely theoretical viewpoint. In 
their view, the phenomenon consisted solely of the free damped 
vibrations of the air within the room at frequencies corresponding 
to those of the normal modes of the room. Accordingly, if one 
put in steady-state energy at a frequency different from those 
of the normal modes, upon removing the input signal, the room 
would "release” energy at a different frequency or frequencies 
from that of the input signal, i.e., a frequency shift would 
occur.
Two years later, Knudsen (1932), published a paper dealing 
with the same subject experimentally. Using Lord Rayleigh’s 
formula (equation 2.1) for the frequency of the normal modes of 
a rectangular room, he verified their existence in a small room 
8 x 8 x 9*5 feet. The surfaces of the room were painted concrete, 
and his apparatus consisted of a loudspeaker placed in one corner 
of the room and driven by an electronic amplifier and an osci­
llator. He also used a spark generator which consisted of a 
coil and capacitor energized by the mains supply. The steady- 
state or transient sounds that were produced within the room 
were then picked-up by an electrodynamic microphone which was 
followed by an amplifier whose output was in turn connected to 
an oscillograph.
The outcome of his experiment laid the quantitative founda­
tions of tonal colouration in rooms. He. verified the existence 
of isolated modes at low frequencies and rightly considered 
them to be the main cause of tonal modifications to the input 
sound. Like Sabine, it was primarily the low frequency modes 
that Knudsen called resonances, and he treated them in separation 
from the phenomenon of reverberation. He wrote:
"The reverberation of sound in a small room consists (at 
least primarily) of the free damped vibration of the air in the 
room. This result is consistent with the well-known behaviour 
of all other vibrating systems, .....
2.6-
Existing theories of reverberation are incomplete, and may 
lead to gross errors, specially for frequencies which have wave­
lengths comparable with the dimensions of the room.”
The reason for the "gross errors" was based on his discovery 
of the fact that the decay of the sound was made up of two parts. 
The first part consisted of an initial rapid decay which he 
attributed to the cessation of the driving frequency, and the * 
second part consisted of a slower decay at the frequency of a 
nearby narmal mode. It was the choice between the two decays 
for calculating the reverberation-time which he thought led to 
confusion and error. This "double decay" as it is now called 
should be borne in mind because it is of importance in the 
audibility of colourations.
Of the many conclusions that Knudsen drew from his obser­
vations, two of them are directly relevant to the subject of 
colouration. The first is in fact a more quantitative statement 
of Sabine’s point of view in that:
"The quality of all sounds, such as speech or music is 
changed by the resonant properties of rooms. This change may 
be of a large magnitude in small rooms. Thus, certain low fre­
quency components which agree with natural frequencies of a room 
may be intensified as much as 20 to 25 db."
In this respect, he also reported that the introduction 
of sufficient absorbing materials reduced the frequency response 
fluctuations of the higher modes to such an extent that the 
frequency response became fairly uniform. However, even under 
those conditions, he found that the lower frequency modes were
still isolated, and therefore, concluded that "normal" absor-✓
bing materials were fairly ineffective at the lower frequencies. 
Knudsen1s other discovery was that:
"The pitch of a tone in a small, resonant room may change 
perceptibly during the decay of the tone. Changes of more than 
a semi-tone have been observed for low-pitched tones in small 
rooms."
He attributed these frequency shifts to the change over 
from the driving frequency to that of a nearby normal mode at 
the onset of the decay.
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Therefore, in his view, tonal modification of the original 
programme would arise in two different ways. Firstly, this 
would take place during the driven-state transmismission of the 
signal as a result of the frequency response irregularities 
introduced by the low frequency "resonances" of the room.
Secondly, these "resonances" would create frequency shifts during 
the transition from the driven-state excitation of the room 
to the transient decay of the sound which would take place at 
the natural frequency of the resonances, so that, potentially 
it would be possible to hear pitch changes generated by the 
room.
During the decade that followed, many investigations were 
carried out in order to obtain a deeper understanding of the 
behaviour of the normal modes of a room. In 1936, Morse pre­
sented a three dimensional model of the normal modes of a room 
based on Lord Rayleigh’s formula (equation 2.1), and called it 
"frequency space". It consisted of a three dimensional lattice 
structure where each lattice point represented a particular 
normal mode whose frequency would be given by the distance of 
that particular point from the origin of the sturcture. The 
orthogonal axes of the structure corresponded to those of the 
room, so that, the three angles made between the line joining 
a particular lattice point to the origin and the three axes of 
the structure were in fact the angles made between the direction 
of propagation of* that particular normal mode and the corres­
ponding axes of the room. Furthermore, for real frequencies, 
the lattice structure would be confined to the positive octant 
of a sphere centred on the origin of the frequency space axes. 
Using this model, he calculated the number of modes N, present 
below a certain frequency f, and found that:
K = 4 l l f 5  2*2
5c3
where, V, was the volume of the room and c, was the velocity of 
sound. Furthermore, by differentiating equation 2.2 he showed 
that the number of normal modes £>N, lying in the range f to 
(f + St) was given by:
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These derivations were only applicable to cases where the wave 
length of the limiting frequency f, was much shorter than the 
dimensions of the room.
Three years later, Bolt (1939a) and Maa (1939) investigated 
the normal mode distribution at the low frequencies by developing 
formulae which were applicable at all frequencies. The equations 
given by Bolt were:
1 ""I3 
2Vf + cRTN = 4 % 3 
3c 2Vf + |R*
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where,
1 , 1 and 1 being the dimensions of the room, and the otherx * y z °
symbols having the same meaning as before.
From equation 2.4, he showed that:
4uV f2 + cR‘2V i>f 2.5
The similar equations developed by Maa were:
N = 4*If3 
3c3
and, i N  = ^ | f 2
, 4 2Scl JLo_ 1_
1 16Y f 8nV f 2
. Sc 1 Lcl _1_
1 8V f 8tcV ^ if
2.6
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where, S and I were the total surface area and the sum of the 
three dimensions of the room respectively.
By comparing equations 2.4 and 2.6 with equation 2.2, it 
can be seen that the first two equations are essentially the 
latter multiplied by different correction factors for the lower 
frequencies. Both Bolt and Maa.investigated the accuracy of 
their correction factors by comparing the results given by 
their respective equations for N with the corresponding result 
obtained by counting the number of modes lying below a certain 
frequency from Rayleigh’s equation. In both cases, the results
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were found to be in very good agreement; a condition which 
Morse’s equation had not satisfied.
Row, if we take equation 2.5 to find for instance the 
normal mode distribution in the room that Knudsen had used, 
namely a room 8 ’ x 8 ’ x 9*5', we find that the number of normal 
modes within a bandwidth of 10Hz are approximately:
Clearly, at the low frequencies the modes had been far, more 
isolated than at the higher frequencies. Therefore, these 
results verified Knudsen's experimental observations and firmly 
established the main cause of the frequency response irregula­
rities in small rooms, namely the low density of the normal mode 
distribution at the lower frequencies. As a result, during the 
years that followed and up to the present date (1975) acousti­
cians have paid especial attention to the ratios of the dimen­
sions of a room with the aim of evenly distributing and maximizing 
in particular the low frequency normal mode distribution in order 
to reduce the overall frequency response fluctuations.
During the decade or so that followed, i.e., up to the early 
1950*s, the majority of the investigations were carried out with 
the aim of obtaining useful parameters and mathematical models 
that could be used to predict the steady-state and transient 
transmission characteristics of rooms from an objective point 
of view. There were many approaches to the problem. One of 
these was to try and find a few groups of normal modes which 
had common properties in order to simplify the problem (Hunt 
et al, 1939).
A developed version of this approach was presented in 1952 
by Mayo. Basically, he studied the significance of the various 
reflections of an impulsive sound in a rectangular room in terms 
of the virtual images of the source that the reflections made 
in the walls of the room and because of this, the approach is 
now known as the "image theory”. In principle, each reflection 
is associated with a corresponding mirror image of the source 
in that wall, so that, the infinite number of images formed 
through multiple reflection create a three dimensional lattice
1.3 at 100Hz
66 at 1kHz
3.7 at 200Hz
1518 at 5kHz.
structure with parallel lines and planes of images located 
outside the actual room. The sound field in the room at any 
instant after the onset of radiation by the source would be 
the cumulative effect of the wave-fronts coming from the various 
images which were assumed to become established at the onset of 
the input pulse. As a result, he proposed the existence of 
three significant stages after the onset of the input pulse. .The 
first stage consisted of an interference pattern resulting from 
the interaction of the direct sound and its "early" reflections. 
Therefore, the sound heard would only be dependent upon the 
relative positions of the source and the point of observation, 
i.e., it would be a local effect within the room. It should be 
noted that for a broad-band sound, this interference pattern 
would imply emphasis of certain frequencies, and therefore, 
potential colourations. During the second stage, Mayo pointed 
out that the number of reflections would increase substantially 
and their separations in time would indicate a regular pattern. 
These reflections would be emerging from lines of images and 
would give rise to characteristic "line frequencies" which 
according to him would be different from the normal modes proper, 
as the sound field during this stage would decay not exponen­
tially but inversely with time. On the significance of this 
stage he wrote: "These frequencies are in essence those causing
the bulk of the audible effect of the studio."
The final stage in his treatment consisted of the estab­
lishment of the normal modes proper which stemmed from planes 
of images and were considered to be a characteristic of the 
room in the sense that emphasis of certain frequencies, for 
example, would be apparent throughout the room. In contrast, 
the audible effect of the first two stages would be characteris­
tics of certain positions within the room. He also pointed 
out that:
"Owing to the time taken to establish these patterns, in 
a studio with usual absorption, the higher frequency eigen : 
tones are low in level and the highly oblique modes are vir­
tually absent."
In other words, the dominant modes governing the subjective
2.11
effect of the room during the final stage would be the low 
frequency modes; a conclusion which had been reached by many 
investigators previously.
The other significant line of approach that was taken during 
the 1940*s was basically aimed at establishing mathematical 
relationships between the normal mode density or separation and 
the transmission characteristics of rectangular rooms in par- - 
ticular, defined in a number of different ways (Bolt, 1946 and 
1947- Bolt and Roop, 1950). The effect of room shape on the 
distribution of the normal modes, and that of selective absorp­
tion upon the frequency response of rooms was also studied ' 
extensively. Therefore, by the early 1950's a great deal of 
information about room acoustics had accumulated. However, 
almost all the' research conducted up to that time had been of 
an objective nature, and the various subjective effects attributed 
to the different mechanisms generally stemmed from the opinions 
held by individual investigators. In addition, it was becoming 
evident that given a certain fact like the isolated low frequency 
modes of a small room for example, its subjective effect would 
have to be established quantitatively before objective measures 
could be taken in order to improve the acoustics of the room in 
that respect.
With this basic philosophy, Haas (1949), carried out an 
investigation in order to determine the subjective effect of 
adding an artificial echo to speech. He found that above a 
certain delay time interval between the direct sound and its 
echo, 50$ of his observers found its effect on speech distur­
bing in the sense that a distinct echo could be heard. He 
called this interval the "Critical Delay Difference", and 
studied its variation with rate of speech, echo to direct sound 
ratio, loudness, direction of echo, reverberation-time of the 
environment and spectral modification of echo.
So far as colouration is concerned, the relevant parts of 
Haas's observations are those in which the delayed sound was 
not heard as a distinct echo, but as he put it:
"All we feel is an. increase in loudness in concord with 
the law of the addition of energies, and a pleasant modification
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of the quantity of the sound - an apparent enlargement of the 
sound source."
This statement applied to cases where the direct sound 
and its echo were being radiated separately from two identical 
loudspeakers positioned symmetrically at an angle of 45 degrees in 
front of an observer. He also investigated the effect of radia­
ting the direct sound and its echo from the same loudspeaker . 
and reported that:
"This causes intense distortions of speech for delay diffe­
rences up to 20msec. approximately, but they disappear almost 
entirely with greater differences.
This phenomenon is due to interference between primary 
sound and echo in electrical superposition, resulting in large 
linear distortions of the tone. According to the particular 
delay difference of the echo certain frequency ranges are very 
much reinforced whereas others are completely wiped out, assuming 
equal intensities of sound and echo."
At present (1975), this is a recognized type of colouration 
called the "comb-filter effect". However, according to Haas, 
the effect was not observed when the direct and delayed sounds 
were being radiated by separate loudspeakers and the explanation 
that he gave was:
"Interferences are not perceived in binaural hearing of 
sound and echo from two loudspeakers, i.e., with acoustical 
superposition, because the distance between the ears makes us 
always hear simultaneously at two different points of the sound 
field. Also there is shielding from head and body, and if 
reflections occur - as in practice they always do - such pro­
nounced interference phenomena as in electric transmissions 
cannot arise.
The only consequence of small delay differences in acoustic 
superposition is the described directional impression."
Haas's observations and conclusions should be noted, because 
other investigators (Somerville et al, 1966 and Barron, 1970), 
whose findings will be reviewed later in this section, have 
reported with equal confidence that acoustical interference by 
two loudspeakers does happen and is noticeable.
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However, reverting to investigations concerned with the 
normal modes of rooms, in 1952, Somerville and Gilford described 
a technique called "Pulsed Glide Displays", which was devised 
in order to give a graphical record of the decay of an input 
tone burst in a room as a function of the frequency of the tone.
In practice, a family of decay traces, each representing a 
particular frequency was obtained progressively along a roll 
of photographic film. The system was designed such that a per­
fectly exponential decay yielded a straight line decay on the 
display apparatus. In this way, they were able to investigate 
the decaying behaviour of a sound over a certain frequency range 
fairly quickly and obtain information about the normal mode 
distribution of the room over that frequency range. In addition, 
they were able to correlate characteristic decay patterns which 
they observed at certain frequencies to colourations which had 
been noticed in the corresponding studios as a result of listen­
ing tests. It should be pointed out that , so far as coloura­
tion was concerned, the "Pulse Glide Displays" were used mainly 
to verify the frequencies of the colourations which had been 
heard in the various studios. The cause of the colourations 
were either attributed to isolated room modes or resonant objects 
within the room. But, in some cases even though the frequency 
of the colouration could be established from the Pulse Glide 
Displays and listening tests, its cause could not be found.
Meanwhile, the beneficial effect of sound diffusion on the 
distribution of the normal modes of a room was also being reported 
(Somerville and Ward, 1951)* Furthermore, in view of the fact 
that the isolated low frequency modes of small rooms were regar­
ded as the main cause of frequency response irregularities, 
frequency selective absobers such as Helmholtz resonators (Bruel, 
1951 and Gilford, 1952a), and Membrane absorbers (Gilford, 1952b) 
were also being developed to rectify the problem.
In 1956, Gilford and Greenwajr, gave details of another 
"Pulse - Glide" technique which was developed in order to over­
come the weaknesses of the first method (Somerville and Gilford, 
1952), which has already been mentioned. In the original tech­
nique^ the -output of the pick-up microphone was only, dependent
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upon the sound pressure level at its diaphragm, and therefore, 
the Pulse Glide Displays were dependent upon the position of 
the microphone within the room* Because of this, the investi­
gators would first take a number of Pulse Glides at different 
places in the room* Then they would look for the presence of 
particular decay patterns at certain frequency ranges (e.g., 
a series of adjacent straight lines indicating an isolated mode) 
manifest on all the Pulse Glide Displays taken at different 
places in the room* Should these exist and the particular 
frequency ranges also correspond to the subjectively detected 
colourations in the room, then the cause of the colourations 
could be attributed to the amplitude/frequency response irre­
gularities in the vicinity of the isolated modes. However, 
they found that a one to one correlation between the objective 
measurements and the subjectively detected colourations did 
not exist, although the Pulse Glides did reveal the prominent 
colourations in addition to what they called "spurious frequen­
cies".
This led them to another possibility as the cause of the 
colourations, namely, the frequency shift that occurs as a 
result of the transition from the driving frequency to that of 
a nearby normal mode. It will be remembered that Knudsen (1932) 
had reported the audibility of this effect for pure tone driving 
forces. However, in order to investigate this possibility,
Gilford and Greenway devised their "phase-coherent Pulse Glide" 
where the output of the microphone was modulated by the signal 
which was at the same time being fed to the loudspeaker in the 
form of tone bursts. The result of this was that the instantan­
eous amplitude of a particular decay trace consisted of the 
product of the output of the microphone, the input to the loud­
speaker and the cosine of the phase angle between the two signals. 
This meant that when the frequency of the source and that of 
the sound incident on the microphone were the same, the phase 
angle, and hence, its cosine would become constants, and there­
fore, any irregularities on the decay trace would represent 
pressure fluctuations at the microphone. But, if the two fre­
quencies differed, then the decay would reveal a beat frequency,
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and therefore, this new system would show characteristic decay 
patterns whenever frequency shifts occurred. They set out to 
obtain phase-coherent displays at various places within a number 
of rooms with the aim of correlating the display*s characteris­
tic decay patterns to the colouration frequencies which had 
been subjectively detected in those rooms. Their conclusions 
were that although the phase-coherent displays revealed a greater 
number of the subjectively detected colourations, the technique 
also showed "spurious" colouration frequencies. Nevertheless, 
according to them, it was a better technique than the simple 
Pulse - Glide Displays in the sense that it could be used with 
a greater certainty to identify the "important room modes". 
Furthermore, the phase-coherent displays could resolve room 
modes only 2Hz apart.
In 1959, Gilford published a paper, a large part of which 
was specifically concerned with low frequency colourations in 
rooms. Using Mayo*s (1952) image theory, he maintained that 
only a certain type of room modes could be the potential cause 
of colourations. In this respect, he wrote:
"For the case of a typical small studio with a mean absorp­
tion coefficient of about 0.3, calculation shows that no frequency 
is likely to become prominent unless it is common to both image- 
row and image-plane systems, giving a high early intensity and 
a long decay. This condition is satisfied only by the axial 
modes, which are therefore the only ones likely to become
individually significant. An exception to this rule is that a
few tangential or oblique modes of low frequency may possibly 
be audible, owing to their high initial intensities or wide 
spacings."
Furthermore, according to him only certain axial modes would 
become audible because as he pointed out:
"A mode is heard as a colouration if there is a noticeable
tendency for reinforcement at the modal•frequency or for sound
of neighbouring frequencies to rise or fall in pitch towards 
that of the mode during the decay time. These processes will 
be expected to occur if there are, in the frequency region con­
sidered, strongly excited modes separated by a frequency interval
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great in comparison with their bandwidths."
He then went on to point out that the isolated axial modes 
in particular only occur in the low frequency regions, because 
at the higher frequencies the number of tangential and oblique 
modes would greatly increase, and since the sound energy would 
have to be shared by all the modes, the axial modes would no 
longer be isolated or dominant. In addition, he also maintained 
that the audibility of the isolated modes would depend upon the 
spectral energy content of the programme material used to excite 
them. In this respect, he reported the outcome of an investi­
gation which was carried out in order to determine the frequency 
of occurrence of observed colourations in a number of studios 
using speech as the programme material. It was found that for 
male voice, most of the colourations were in the frequency 
range of 100-175Hz with a subsidiary maximum at 250Hz. Obvious 
colourations below 80Hz were found to be very rare and those 
above 3>00Hz were found to be progressively less significant.
By comparing the frequency of occurrence of the colourations 
with the spectral characteristics of the human voice, Gilford 
concluded that:
"....... the majority of audible colorations in studios
are those directly excited by either fundamental or first formant 
frequencies in the speaker's voice."
In view of practical experience, he also pointed out that 
from a subjective point of view a room mode or a group of them 
could be considered to be isolated, and therefore, audible if 
their frequency separation from the nearby modes exceeded 20Hz.
From the foregoing, one could consider the theoretically 
limiting case where only one isolated mode would become dominant, 
and investigate its subjective effect in terms of the mode's 
objective parameters. On these lines, Yamamoto (1965) conducted 
an investigation into the subjective effect of electrically 
simulated low frequency resonances at 70, 90 and 150Hz whose 
Q factors varied from 5 to 50 approximately. . The output of a 
selective amplifier consisting of a twin-T network placed in 
a negative feedback path was added to that of a high pass filter 
which apparently had a fixed roll-off frequency of 100Hz, so
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that, the only frequencjr adjustment made was by altering the 
tuning conditions of the parallel T network. Provisions were 
also made for mixing the filtered and selective parts of the 
system in any desired proportion. In this way a colouration 
synthesizer was devised which he used to impart colourations 
of known objective degrees onto male voice which he used as 
the programme material. The relative energy contribution of - 
each resonance was denoted by a parameter which he called 
^(q -30) an(^  was related to the ratio D, of the peak excitation 
level of the resonance to that at the middle and high frequen­
cies by the equation:
D = D(Q=30) + 201og5o   2#8
He conducted his subjective tests in a free field room 
using four college undergraduates (2 males and 2 females) as 
observers. His aim was to establish the relationship between 
the objective parameters, governing the state of the resonance, 
at the threshold level of colouration delectability. In every 
case, this level was taken at points where 50^ of his subjects 
indicated that the effect was audible.
From his results, the present investigator has produced 
Figure 2.1 in a more convenient form where the ordinate rep­
resents the ratio of the system's amplitude response level at 
the resonance frequency to the corresponding level at the middle 
and high frequencies, and has denoted this by |Hq| (see Sections 
5.5 and 5-4)# The abscissa represents the selectivity factor 
of the resonance.
According to Yamamoto, points lying below a particular 
curve would not be noticed as colourations at that frequency. 
Figure 2.1 implies that at a given resonance frequency, as the 
Q is reduced, a greater level of the resonance can be tolerated 
before a colouration becomes audible. Now, the way in which he 
had synthesized the colourations meant that as one approached 
the resonance frequency from the high frequency end of the 
spectrum, the amplitude/frequency response of his system would 
have revealed a hump or a dip in accordance with the value of 
|h J at the resonance frequency. But, after this local irre-
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Figure 2*1 Threshold Levels for Colourations Caused by Single 
Low Frequency Resonances. These graphs are produced from results 
published by Yamamoto (1965)-
gularity, there would have been a sharp cut-off as a result of 
the filtering action of the selective amplifier which he had 
used. In other words, those parts of the programme whose fre­
quencies were below that of the resonance would have always been 
attenuated. Furthermore, for low and negative values of |Hq| , 
the observers would in effect have been listening to the subjective 
effect of a high pass filter attenuating all the spectral con­
tents of the programme lying below the filterfs cut-off frequency 
of 100Hz. These points could explain the overall shapes of the 
graphs in Figure 2.1 around the lower end of the Q axis in the 
sense that amplifying the ’hump1 of a resonance could have com­
pensated for the subjective effect of attenuating those spectral 
contents of the programme whose frequencies were below that of 
the resonance. Therefore, from what has been said, it would be 
reasonable to conclude that although Yamamoto’s results could 
approximately apply in the case of the lowest mode of a room,
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it would seem that they would not be applicable to an isolated 
mode within the room.
On the subject of isolated resonances, Gilford and Jones 
(1967), were confronted with a different problem.
It stemmed from the fact that double decays, audible as 
low frequency colourations, were observed in certain talk studios, 
and the cause of the tail end of the decays was attributed to - 
the resonance of the studios* suspended ceiling structure. In 
order to find economic ways of solving the problem, listening 
tests were carried out in order to find the. minimum value for 
the relative level at the onset of the second slope with respect 
to the level at the beginning of the first slope such that below 
that value a double decay would not be noticed. With the aid 
of a positive feedback selective amplifier whose centre fre­
quency and decay time could be adjusted, they synthesized a 
secondary decay with a reverberation-time of 1.4sec. onto the 
normal decay of the sound in a listening room which had a basic 
reverberation-time of 0.35sec. The double decay was acoustically 
superimposed within the room by means of a loudspeaker. Eight 
different voices were used as the programme materials with 
about the same number of subjects assessing the threshold values 
of the various double decays whose frequencies were in the range 
125 to 220Hz. As a result of the subjective tests which they 
had carried out, they concluded that provided the level at which 
a secondary decay took over from an initial slope was 30dB or 
more below the level at the onset of the latter, the studio in 
question could be considered to be acceptable in that respect.
During the 1960fs, a number of investigations were also 
carried out on various aspects of reflections.
In 1966, Somerville et al, reported the outcome of a series 
of investigations on the subjective effect of reflections in 
concert halls and music studios. One of their experiments in 
particular was directly concerned with the colouring property 
of reflections. . They placed two loudspeakers 3*4 meters apart 
in a free field room and fed them with the same programme 
material. Listening tests were then carried out with one 
observer at a time sitting Min line with the two loudspeakers,
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so that the sound from the farther loudspeaker was delayed by 
10msec...#” As such, it is difficult to interpret what the 
relative position of the observer with respect to the axes of 
the two loudspeakers had been, because the quotation implies 
that one of the loudspeakers was placed on the line joining 
the observer to the other loudspeaker and this seems to be an 
unlikely arrangement. Therefore, we may assume that the two - 
loudspeakers had been displaced slightly to either side of the 
observers ”line of sight” so that the sounds radiated by them 
could have reached the subject directly. However, they carried 
out listening tests using music, speech and random noise on a 
comparative basis# That is to say, the subject could either 
listen to both speakers radiating simultaneously or cut off 
the farthest one to him which produced the delay by means of 
a switch. This also increased the level of the nearer loud­
speaker to insure that the ' ABf comparisons were carried out 
at equal loudnesses. They found that music, speech and noise 
all became coloured in various regions of their respective 
spectrums, and that in certain cases, the tonal deteriorations 
were of the same type that had ”been noticed in some concert 
halls with reflectors”. They also carried out a similar experi­
ment where the delay was produced by a magnetic recording system 
and the results obtained were similar to those from the two 
loudspeaker case. In view of their observations they wrote: 
”There seems to be no doubt that all these distortions can be
J
explained as comb-filter effects due to interference between
the sounds from the loudspeakers.” nof
Barron (1970), also reported the existenceAcolourations in 
an investigation on ”The Subjective Effects of First Reflections 
in Concert Halls - the Need for Lateral Reflections”. He used a 
free field room as the testing environment, and mostly non-rever- 
berant music as the programme material. A loudspeaker, placed 
5 meters in front of an observer, was made to radiate the direct 
sound, and a number of loudspeakers located around the subject, 
were fed with a reverberant version of the music (produced by 
a reverberation plate) which was delayed by 100msec. relative 
to the direct sound being radiated by the frontal loudspeaker.
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Lateral or overhead delays or both were then radiated by loud­
speakers suitably located such that these "reflections” arrived 
during the 100msec. interval between the direct sound and the 
onset of its ”reverberation”. Barron found that for reflections 
having delays of about 10 to 50msec. and in particular around 
20msec. the music became noticeably coloured and the effect was 
pronounced especially on the string tones; an observation which 
Somerville et al (1966) had also made for a delay of about lOmse.
He also attributed this to the comb-filter effect resulting from 
interference and went on to show the physical existence of this 
interference pattern by feeding his system with a gliding tone 
instead of music and using a microphone in place of the subject.
The loudspeakers which he had been using to radiate the rever­
berant music were then cut off, and for a delay of 20msec. 
existing between the sound from the frontal loudspeaker and the 
one used for simulating lateral reflections, he plotted a fre­
quency response trace in the conventional manner. This showed 
a clear interference pattern whose dips were much sharper than 
its peaks, and the latter occurred, as expected, at frequencies 
which were harmonically related to l/20msec.or 50Hz. Furthermore, 
on average the frequency response irregularities were of the 
order of 20dB. Barron also observed colourations due to over­
head reflections, and found that in general, they were more 
intense than those resulting from the lateral reflections.
The subjective effect of reflections in general was studied 
in 1968 in an extensive thesis by Bilsen ”0n the Interaction of 
a Sound with its Repetitions”. It began with the sentence:
”The motive for this thesis was the observation made by 
several authors, that the interaction of a sound with its repe­
tition gives rise to a pitch sensation or, according to others, 
to a colouration.”
In his view, the terms used were equivalent ways of describing 
the same sensation, namely a special kind of pitch perception.
In support of this, he reported an experiment using speech added 
to its repetition whose delay time could be varied continuously.
As this was being done, the observers "perceived a faint tone 
sweeping up and down with varying time interval". When the
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speech programme was replaced by white noise or a random pulse 
signal, the pitch in question became distinctive. This, he called 
Repetition Pitch, i.e., that resulting from the addition of a 
single repetition to the original sound, and found that provided 
the spectral contents of the delayed sound did not undergo any 
local phase shifts, then the magnitude of the repetition pitch 
was given by the reciprocal of the delay time. He then set out 
to explain Repetition Pitch in terms of the properties of the 
hearing mechanism, and went on to establish the relationship 
between Repetition Pitch and the amplitude of the repetition 
relative to the direct sound at the threshold level of audibility 
of the phenomenon. These experiments were carried out using 
various types of pulse trains. However, using white noise, he 
also obtained the relationship between the amplitude of the repe­
tition relative to the direct sound in terms of the delay time 
of the repetition at the threshold level of colouration delecta- 
bility. He then compared these results with those which he had 
obtained for Repetition Pitch and attributed the differences which 
existed between the two sets of results to the different psycho­
logical methods which he had used. Therefore, he wrote:
"...... it suggests that the threshold of colouration equals
the threshold of Repetition Pitch. The latter fact was verified 
during the interviews after the experiment in which the subjects 
told that they used the criterion: pitch just indistinguishable."
From the foregoing historical survey, it becomes evident 
that tonal colouration in architectural acoustics can be attri­
buted to three causes. The first is the presence of isolated 
normal modes within a room, and this has been shown to be the 
case especially for small rooms at low frequencies. Secondly, 
colourations can arise if an object within a room or a hall 
resonates in such a way that it becomes an audible source of 
sound in its own right. Finally, the remaining cause is the 
"comb-filter" frequency response arising from interference when­
ever a broad-band sound is added to its reflection. This effect 
is usually significant in large auditoriums where reflectors 
are employed.
Now, so far as the normal modes of a room are concerned,
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the impression given by the foregoing review is that they could 
be considered as resonances proper. That is to say, the decaying 
sound in the room would consist of the cumulative effect of the 
damped oscillations taking place at the "natural” frequencies of 
the normal modes. In 1969, Berman and Leedham published a paper 
which in part challenged this viewpoint. They studied the decay 
of the axial modes of a room with the aid of a model which con­
sisted of two concrete blocks (2f x 2.5') whose surfaces were 
plastered in order to give good reflections. They were arranged 
in the form of two parallel walls in a free field room and an 
"effective point source” was used to radiate tone bursts from 
a hole 3/4 inch in diameter made in one of the blocks. A i inch 
Bruel and Kjaer microphone was used to pick-up the sound on the 
axis of the source at various places between the two walls. The 
output of the microphone was displayed on an oscilloscope together 
with a set of electronically generated markings which wore used 
as points of reference in order to reveal the relative phase or 
frequency of the output of the microphone with reference to 
either the frequency of the source or that of a normal mode which 
was being investigated at the time.
In general, they found that when the wavelength of the input 
signal was shorter than the distance between the two walls, then 
the decay of the sound took place in discrete steps which could 
be related to the successive reflections between the two walls, 
and the frequency of the waves during each step of the decay 
was the same as the frequency of the input signal. However, 
when the wavelength of the input signal was greater than the 
separation of the two walls, then the decay became continuous 
and took place at the frequency of the normal mode, i.e., a 
frequency shift occurred. The explanation which they offered 
was that in general, the decay of the sound consists of discrete 
amplitude and phase changes at each reflection. But, when the 
wavelength of the sound is greater than the separation of the 
walls, then so far as the overall decay is concerned, the ampli­
tude changes appear to be continuous, and "phase changes occur 
at least every cycle and will effectively change the period of 
the apparent: sine wave.”
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This concludes the historical review of colouration in the 
field of architectural acoustics. Similar reviews will now 
follow for the other .fields of acoustical engineering and then 
an overall summary will be given in Section 2.5*
2.2 Artificial Reverberation
It was the advent of broadcasting and sound motion pictures 
that called for some means of producing artificial reverberation 
in order to simulate the acoustical environments that would nor­
mally be associated with the physical situations which were being 
depicted. Initially, this was achieved with the aid of rever­
beration rooms. In addition to high cost, these rooms also had 
functional disadvantages. For example, in general, their rever­
beration- times were fixed, and this meant that only the reverberant 
to direct sound ratio could be altered, although, in some cases, 
in order to overcome the problem the rooms were partitioned into 
smaller sections with connecting doors, or readily removable 
absorbing panels were incorporated into the design of the room.
Of course, this meant an even higher cost added to their other 
disadvantages. Furthermore, because of their relatively small 
size, they would also impart low frequency colourations onto 
the programme, although at the time, this was not considered to 
be very important.
Truly artificial reverberation systems did not make their 
appearances until the late 1930*s although a method called 
"ultraphone" (Lion, 1926) had been devised earlier for producing 
time delays. It consisted of a disc recorder with two mechanical 
pick up heads positioned to give a relative delay of the order 
of 50msec. However, amongst the first systems to appear was 
one by Hammond (1939), which was originally designed for adding 
artificial reverberation to an electronic organ. It made use of 
the fact that acoustical time delays could be obtained by making 
a sound wave traverse a helical.spring. By adding the delayed 
sound to the original, an effect resembling the behaviour of a 
sound in a room could be generated. The original unit by 
Hammond employed differing lengths of springs in parallel in
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order to produce many delays, and hence, enrich the realism of 
the effect#
There was another unit by Goldmark and Hendricks (1939)>
in which the underlying delay principle was electro-optical.
The original programme was recorded on the rim of a rotating
phosphor disc by means of a modulated light source and a simple
ed
optical system# The modulated signal was pickA up from the disc 
at later points by systems of lenses and demodulated using 
photocells. The logarithmic decay of the signal on the phosphor 
disc as it passed each photocell constituted a synthetic form 
of reverberation. The delayed signals were then mixed with the 
original programme in any desired proportional in order to 
generate artificial reverberation of a given quantity with a 
certain degree of control over the quality.
There were also other systems which employed different 
media like magnetic recording (Wolf, 1941) and pipes (Curran,
1948) in order to obtain the required time delays. In general, 
these systems had one feature in common. They made use of a 
time delaying device, which produced a few repetitions of the 
original signal, each having a particular delay time, and then 
at least one of these delayed outputs was fed back to the input 
of the system in order to increase the density of the repetitions, 
and hence, approach the reflection behaviour of a sound in rooms. 
The main difference between the various systems was the way in 
which the acoustic delays were, produced.
Initially, these systems were designed in; order to generate 
a large number of repetitions, an exponential decay characteristic 
and a reasonably broad and flat frequency response. In some cases, 
the reverberation-time at the higher frequencies was even reduced 
on purpose in order to simulate the equivalent condition preva­
lent in rooms. But, in view of the fact that the basic principle 
of operation of these artificial reverberation systems envolved 
the addition of a sound to its repetitions, in principle, this 
must have given rise to comb-filter colourations; an effect which 
has already been explained in the last Section. Furthermore, 
developed versions of some of these systems are in use at pre­
sent (1975) throughout the audio engineering industries, and,
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in general, the systems are known to produce colourations.
Towards the early 1950fs, attention was being focused on 
this problem, and during that decade two systems were designed 
with the aim of producing a better reverberation tonal quality.
The first one of these was by Axon et al (1955)» and it made 
use of two different principles in combination. The essential 
time delays were obtained through a magnetic recording system - 
which consisted of a rotating basin-shaped wheel, the inner rim 
of which was coated with magnetic material. The recording medium 
was divided into two tracks, and two physically separate recording 
heads, placed next to each other, were used to record the origi­
nal programme on the two tracks. These heads were followed by 
eight playback heads positioned one after the other, and so, 
each one of them could simultaneously reproduce the signals 
recorded on the two tracks. Finally, an erase head was placed 
before the recording heads so that a new recording would be made 
for every revolution of the wheel.- In order to reduce mechanical 
wear, all the heads were spaced from the magnetic medium by 0.001 
inch. The outputs of all the playback heads were suitably atten­
uated and fed into a mixing amplifier whose output was in turn 
added to the original signal. At the same time, the output from 
the last playback head of one of the tracks was fed back to both 
the recording heads. The maximum time delay associated with 
this output signal was approximately 250msec., so that, once in 
every quarter of a second a group of repetitions, 16 in number, 
would repeat themselves with appropriate amplitudes in accordance 
with an exponential decay. Relating the number of reflections 
in each group to the total number of heads used will reveal the 
advantages of a double track recording system to a single one.
However, as it stands, the system could have produced colou­
rations, because at a certain frequency and its harmonics the 
outputs from at least one pair of the reproducing heads would 
be in phase, and hence, those frequencies would be emphasized. 
Similarly, when the outputs were in anti-phase, another set of 
harmonically related frequencies would become attenuated.
Clearly, the spacing of the recording heads and the time delay 
associated with the feedback path could also produce frequency
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selective transmission characteristics. In view of these points, 
Axon et al, paid particular attention to the relative spacing 
between the heads in order to minimize the colouration content 
of their system.
Another factor which they also studied was the subjective 
effect of the time difference between any pair of reflections.
In relation to a single delay path reverberation system they wrote:
"When the interval between reflections exceeded some 25 
millisec., the subjective result could be described as a flutter 
echo. As the interval was reduced, there appeared in addition an 
effect referred to by observers as a ’honk* or ftwangr giving an 
impression of definite pitch and imparting U characteristic colou­
ration to the signal. At 10 millisec. spacing, the flutter effect 
was negligible and the colouration effect was predominant."
' Now, the magnetic system which they used produced repetitions 
whose average spacing was of the order of 15msec., and they re­
ported that with certain types of programmes, like hand claps, 
the system was prone to flutter. They attributed this effect to 
the spacing between the reflections and went on to describe an 
ultrasonic reverberation system which was essentially used in 
conjunction with the magnetic system in order to add more ref­
lections in those otherwise empty 15msec. intervals which existed 
between the repetitions of the magnetic reverberation system.
In essence, the ultrasonic system consisted of modulating the 
already reverberant sound onto a 65kHz carrier, passing it 
through water contained in a tank, demodulating it, and adding 
it to the original sound. The extra reflections were of course 
generated as a result of the ultrasonic reverberation within the 
tank.
The systems which have been reviewed up to now have been 
one dimensional, in the sense that they have tried to simulate 
the three dimensional reflection behaviour of rooms in one 
dimension. An analogy with room acoustics would be the imagi­
nary case where one could only hear the three harmonically 
related sets of axial modes of a room but none of its tangen­
tial or oblique modes. This would correspond to a feedback 
reverberation system having three separate delay paths each
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producing its own harmonically related set of "normal modes", 
and hence, comb-filter colourations# Clearly, increasing the 
number of delay paths of a reverberation system is analogous, 
from the axial mode point of view, to increasing the number of 
parallel walls of an enclosure. This implies that one would 
always be confronted with a particular comb-filter frequency 
response corresponding to each set of axial eigenmodes or delay 
path# Therefore, in principle, the best that can be done in 
this respect would be to arrange the delay paths, so that, their 
individual comb-filter frequency responses are added in such a 
way that the overall frequency response deviation of the system 
is minimized# Clearly, the greater the number of reflections 
and in particular their even distribution in a given duration, 
the less the colouration content of the system#
This unavoidable weakness resulting from the time indepen­
dent repetition rate of one dimensional reverberation systems, 
led Kuhl (1958) to the development of the now well known rever­
beration plate, where, as he pointed out, the reflection rate 
is linearly proportional to time# The system consisted of a 
thin rectangular steel plate two square meters in area. It 
would be set into transverse vibrations by a moving coil driver 
attached to the plate at a particular point, and the vibrations 
would be received at another point on the plate by a piezo­
electric microphone# In this way, the echo pattern of the plate 
would consist of a first reflection with a delay of the order 
of 60msec#, corresponding to the time lapse between the two 
transducers, and this would be followed by an ever increasing 
number of reflections# Therefore, by adding this to the original 
programme,, an overall echo pattern closely resembling that of an 
enclosure would be obtained. Furthermore, because of the rela­
tively high repetition rate that the plate can generate, it has 
a better tonal quality than the one dimensional reverberation 
systems. In this respect, he wrote:
".....  the metallic colouration is smaller than with any
other equipment for producing artificial reverberation and for 
most forms of practical application it is no longer noticeable 
or disturbing."
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Furthermore, he maintained that so far as low frequency 
colouration was concerned, the plate was even superior to rever­
beration rooms because:
"Since the number of natural frequencies per cycle per 
second is independent of the frequency, contrary to the case of 
the echo room, the plate has far more natural frequencies with 
low frequencies than the latter ......."
In 1961, Schroeder and Logan, in a paper entitled "Colorless 
Artificial Reverberation" proposed a different method for simu­
lating reverberation. Essentially, they took a simple single 
delay feedback system and showed that by suitable circuit arrange­
ment it could be made to have a flat frequency response, though 
still possessing a poor repetition density. They solved this by 
connecting a number of these basic units each having a different 
delay time in series. Therefore, the overall frequency response 
of the system would remain flat and its repetition density would 
increase with time since each basic unit would increase the 
repetition rate of its preceeding unit. According to them, the 
system had been very satisfactory. In fact, they wrote:
"Our listening experience with all-pass reverberators indi­
cates that the problem of unequal response to different frequen­
cies has been solved and sound colouration completely eliminated."
In recent years, attention has been focused upon digital 
reverberation systems, mainly because digital techniques lend 
themselves to the possibility of producing high quality delay 
lines (Blesser and Lee, 1971)# Basically, the delay is obtained 
by converting the audio signal into its digital equivalent, 
storing this in a memory (usually in the form of shift registers) 
for the required time with subsequent conversion into the analogue 
form. Since it is possible to obtain a large number of digital 
outputs, each corresponding to a different delay time, by 
"tapping" a shift register at different points, one can visulaize 
a multi-delay-path device consisting of a single A-D converter, 
a number of stacks of shift registers (depending upon word-length) 
and a number of D-A converters corresponding to the number of 
delay paths required. Clearly, such a device could be made into 
a reverberation system in exactly the same way as that of a
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number of the foregoing systems. But, from a colouration point 
of view, it would also suffer from their weaknesses.
The application digital techniques has also been considered 
in different ways (Spring and Gilford, 1972). In essence, it 
has been suggested that the process of reverberation could be 
carried out digitally. To this end, a "special-purpose digital 
computer" would be programmed with the impulse response of an * 
acoustically good hall or studio, so that, the input programme 
to the computer would become subjected to the reverberation 
characteristics of the studio in question. An alternative sugges­
tion, put forward by Jones (1971), approximates the impulse res­
ponse of a room to a statistical process, and hence, replaces 
the above mentioned computer programme with a digital "pseudo­
random" number generator as an integral part of his reverberation 
simulator. As such, it has been supposed that such a device 
would be unlikely to give rise to colourations.
However, digital reverberation units are at present at an
early stage of development, and it seems that their developments
/
are hampered by economic factors (owing to their high costs) 
rather than any technical reason.
2.3 Loudspeakers and Microphones
Prior to the middle of the 1930*s, the axial frequency res­
ponse of a loudspeaker or microphone was considered to be fully 
representative of its subjective tonal quality. However, in 
relation to loudspeakers in particular, it was gradually becoming 
apparent that units having reasonably flat and comparable fre­
quency responses imparted different tonal characteristics onto 
the same programme material, and the subjective impressions could 
not be explained satisfactorily in terms of the local irregula­
rities of the units* frequency responses. Therefore, attention 
was focused upon the transient response of loudspeakers.
To begin with, the transient measurements taken were of an 
illustrative nature and were mainly aimed at explaining the 
local irregularities observed in the units* steady-state fre­
quency responses (Burk et al, 1936; Helmbold, 1937)*
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It was after the Second World War that Shorter (1946), 
pointed out the subjective significance of the transient res­
ponse of loudspeakers by studying the decay behaviour of the 
sound radiated by a number of loudspeakers. In practice, this 
was realized by plotting the spectral content of the unit's 
decaying radiation as a function of time. He found that the 
reverberant sound consisted of a number of isolated resonances 
scattered throughout the unit's bandwidth, and pointed out that 
although the resonances were far fewer in number than those of 
a room, they interacted with each other and decayed in the same 
way as their acoustical counterparts. He then compared the 
transient responses of a number of loudspeakers with their sub­
jective tonal characteristics, which had been judged by a number 
of observers, and found that the two types of assessments were 
favourably correlated. Therefore, he considered the presence 
of the resonances and in particular those with long decay times 
as the cause of the colourations audible from the units.
During the early 1950's, other investigators (Hentsch, 1951; 
Seemann, 1952), also confirmed the existence of the isolated 
resonances within the assembly of loudspeakers, but maintained 
that the subjective effect of these "transient distortions" 
could be explained in terms of the steady-state amplitude/fre­
quency responses of the units. Essentially, they held the view 
that a loudspeaker with an absolutely flat frequency would not 
impair the tonal quality of the programme which it radiated. 
Therefore, the type (i.e., humps or dips for example) and the 
degree of the frequency response irregularities would correspond 
to the degree of the transient distortions. On this basis, they 
set out to formulate certain criteria for assessing the subjective 
effect of the transient distortions in terms of the units' fre­
quency responses.
Corrington (1950 and 1955) conducted a series of experiments 
where he applied tone burst at different frequencies to a number 
of loudspeakers. He then observed the behaviour of the transient 
decay of the sound from the loudspeakers, and compared this with 
the units’ steady-state, frequency responses. He found that the 
relative excitation level at the onset of the decay at a particular
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frequency could be greater, equal to or less than the steady- 
state level at that frequency, and went on to explain these 
anomalies (illustrative examples of these are given in Section 
3*4). He tested a number of loudspeakers and found that in 
general, a good transient response was invariably associated 
with a reasonably smooth and flat frequency response. However, 
steady-state responses which contained for example sharp peaks- 
with a local irregularity of only 1.5dB gave rise to poor tran­
sient responses in that region of the spectrum. He also compared 
the transient responses with listening tests and found that in 
general, the tonal characteristic of a loudspeaker was associated 
with its transient response. In view of his observations, he 
concluded that if the excitation level of the decaying sound of 
the loudspeaker at a particular frequency was about 20dB or more 
below the steady-state response at that frequency, then the tonal 
quality of that loudspeaker was "comparable to the best available" 
(1955).
Since that time, there have been other investigations con­
ducted on similar basis, but a satisfactory criterion for asse­
ssing the subjective effect of the transient behaviour of loud­
speakers in general has not emerged and the evaluations that 
have been carried out are largely based upon personal experience 
and "rules of thumb".
Apart from the colourations caused by the isolated resonances 
of a loudspeaker assembly, the physical location of a unit in 
a room can also give rise to colourations. This has been pointed 
out by Harwood and Gilford (1969) and Harwood (1970). According 
to their observations, when a loudspeaker was placed in the 
corner of a room, having fairly reflecting surfaces in the 
vicinity of the corner, the tonal quality of the programme radia­
ted by the unit became noticeably coloured. They attributed 
this colouration to the interference pattern resulting from the 
superposition of the direct sound from the unit and the reflec­
tions from the. neighbouring surfaces, and verified this by 
carrying out a series of experiments. They observed that in 
the case of corner positions, the predominant colouration fre­
quencies lay below 500Hz approximately and the degree of the
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effect was dependent upon the relative position of the unit in 
that corner. For example, when it was placed very near to one 
or more of the reflecting surfaces, the intensities of the 
reflected sounds would be relatively greater, and hence, the 
colourations would become more pronounced. Therefore, in 
general, these colourations could be reduced either by making 
the surfaces more absorbing or by placing the loudspeaker away' 
from the corner.
The historical, survey of colourations caused by microphones 
is rather brief mainly because the subject has not been studied 
in detail. The reasons for this seem to be two-fold. Firstly, 
it has been difficult to generate a suitable acoustical test 
signal in order to investigate the presence of any local reso­
nances.. In this respect acoustical unit impulses, like sparks 
or shock waves in tubes, could not be used, although the advent 
of present day (1975) real time Fourier analysers should solve 
this problem. Secondly, although some microphones, like the 
moving coil types, are known to impart tonal colourations onto 
the programme which they receive, there seems to be a general 
view that looking after their amplitude/frequency responses will 
automatically take care of their transient responses.
The papers (Beavers, 1968; Danger and Swisher, 1968), that 
have been encountered in this respect deal with the transient 
response of capacitor microphones, and even then, only from an 
objective point of view.
2.4 Review of Subjective Investigations
A number of such investigations, most of which were auxiliary 
parts of objective experiments, have already been reviewed. The 
papers which will now be discussed were not conveniently classi­
fiable under any of the previous sections, although their contents 
apply equally well to most cases. Furthermore, the papers in 
question are all concerned with threshold levels of colourations 
caused in different ways.
The first of these by Bucklein (1962) was concerned with 
the effect of frequency response irregularities throughout the
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audio spectrum. The irregularities consisted of peaks and dips 
produced with the aid of a parallel-T network, and the frequen­
cies used ranged from 60Hz to 16kHz. The synthesizing.circuit was 
also able to alter the relative amplitudes of the peaks and dips 
independently of their bandwidth factor which he defined as the 
difference between the turn-over frequencies of the filter divided 
by its centre frequency. In general, he found that the audibi­
lity of a particular irregularity was directly proportional to 
its bandwidth factor. He did not undertake a more quantitative 
investigation on the influence of this parameter mainly because 
he was more interested in the relative importance of peaks and 
dips. Bucklein showed' conclusively that a peak in the frequency 
response is much more noticeable than an equivalent dip. For 
example, he found that at 1kHz a 15dB peak with a bandwidth 
factor of 0.35 could be noticed by all of his 10 observers, 
whereas, an equivalent dip could only be noticed by half the 
subjects. The test programmes were various pieces of music and 
speech presented to every subject. He carried out a series of 
such experiments to compare peaks with equivalent dips throughout 
the audio spectrum and pointed out that according to his obser­
vers' comments, even when a dip was clearly noticeable, it did 
not impair the tonal quality of the programme as much as an 
equivalent peak.
In relation to comb-filter colourations, Atal et al (1962), 
carried out a series of listening test in order to find.the 
threshold levels for the effect using white noise as the pro­
gramme material. Using a digital computer, they simulated a 
number of filters whose amplitude responses in the frequency 
and time domains corresponded to the various types of systems 
which produce comb-filter colourations. The white noise, which 
was also generated within the computer, was then passed through 
each filter, and a group of eight people carried out AB com­
parison tests between the analogue form of white noise and its 
corresponding coloured versions. The subjective threshold levels 
were taken at points where 50'ft of the subjects could not detect 
the colourations.
Two of the threshold curves which they obtained have been
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reproduced in Figure 2.2, where the points lying below each 
curve represent the necessary conditions for inaudibility of 
colouration. Graph a, corresponds to comb-filter colouration 
resulting from the superposition of a direct sound and one 
reflection of that sound or white noise to be precise. The
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Figure 2.2 Threshold. Levels for Colourations Caused by:
(a), a Single Reflection; (b), Cyclic Reflections. These graphs 
have been redrawn from results published by Atal et al (1962).
relative amplitude and delay time of the reflection with respect 
to the direct sound is given by g and t respectively. It should 
be pointed out that the reflection in question is assumed to 
have the same relative spectral content as the direct sound. Now, 
according to curve a, colourations arising from the addition of 
a direct sound to a single reflection of the same'amplitude but 
with delays greater than 77msec. are not audible. For a delay 
of 77msec., the frequency response of such a system would effec­
tively consist of a large number of equal bandwidth resonant 
peaks with a frequency spacing of 13Hz approximately. On the 
other hand, when the delay time of the reflection is about 5msec., 
its amplitude has to be approximately 18.5dB below the direct 
sound in order to make the colouration inaudible. The frequency 
response of such a system would be a curve similar to a sine 
wave with peak to dip ratios of approximately 2dB, and a fre­
quency spacing of 200Hz between the peaks of the response.
Clearly, at the lower frequencies, the peaks would be far more
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isolated than at the higher frequencies. This illustrates the 
reason for the predominance of low frequency colourations which 
become audible when a loudspeaker is placed close to one corner 
of a room# Under these conditions, the path difference between 
the direct sound and the first reflection is also of the order 
of 5msec. In Figure 2.2, curve b, would correspond to a simple 
reverberation system consisting of a delaying element with a • 
delay time t and a positive feedback network with a feedback 
factor of g# The curve in question does not extend below 20msec# 
Atal et al then set out to develop a mathematical model in 
order to interpret their results# In essence, they assumed that 
the ear would perform a Fourier analysis of the incoming sound, 
but with certain restrictions arising from the fact that its 
auditory memory would fade with the passage of time and that a 
signal could not be analysed until it had arrived at the ear#
In other words, the integrating process would have to take place 
in conjunction with an appropriate '’weighting function”# The 
actual power spectrum of the sound would then be multiplied by 
this "weighting function” to result in a ’’short-time power spec­
trum”# They considered this to be the significant factor from 
a subjective point of view and wrote: ”if the level difference
between maxima of the short-time power spectrum exceed a certain 
threshold Aq, colouration will be perceived.” The threshold level 
which they calculated from their results was Aq = 1#1 - 0#2dB#
The remaining paper to be reviewed is by Kuhl (1968), who 
was mainly concerned with the colourations generated by the 
reverberation plate. He considered the normal mode density of 
the plate to be a significant factor, and went on to determine 
its value as a function of frequency at the threshold level of 
colouration delectability# To this end, noise (seemingly white) 
was fed into three plates and a reverberation room, and their 
outputs were separately recorded on magnetic tape# The direct 
sounds were then removed and each reverberant sound was fed into 
a gain control amplifier in order to keep the level of the 
decaying sound constant. By increasing the speed of the tape 
recordings the effective normal mode density could be reduced, 
and therefore, in this way six other reverberation plates and
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two rooms were simulated# Three subjects carried out listening 
tests which involved comparisons between the temporarily held 
reverberant sounds filtered into octave bands with equivalently 
filtered noise from the generator# The subjects were asked to 
indicate those octave bands of the reverberant sound which they 
considered to be coloured. Kuhl also carried out a subsidiary 
experiment in order to verify the theoretically implied fre­
quency independence of the normal mode density of the reverbe­
ration plate# The relationship between normal mode density and 
frequency which he obtained for the threshold level of colouration
can be seen in Figure 2.3* Points lying below the graph corres-\
pond to colourations which are audible.
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Figure 2#3 Threshold Levels for Colourations Caused by Inade­
quate Normal Mode Density SN/Hz# This graph has been redrawn 
from results published by Kuhl (1968).
2# 5 Summary of the Causes of Colourations and their Implications
From the foregoing historical review, the objective causes 
of colourations in general may be classified under the following
2.38
four cases:
1. The interference pattern which arises from the superposition 
of a broad-band sound and one reflection of that sound# When 
the sound is removed, apart from a single echo, there will be 
no transients because the system does not have an energy storing 
mechanism. Therefore, the audibility of colourations in this- 
case can only by due to amplitude/frequency response fluctua­
tions or phase/frequency response changes or both#
2# The interference pattern which arises from the superposition 
of a broad-band sound and its cyclic reflections# Examples of 
this case are a simple feedback reverberation system and one set 
of the axial modes of a room on their own# The system does have 
an energy storing mechanism so that it can generate transients# 
These transients take the form of stepped decays of the 
waveform that had been "stored" in the system's time delaying 
mechanism at the instant when the input signal to the system is 
removed. The reason for the discontinuous decay is that the 
"stored" waveform is mainly attenuated in discrete steps, i.e., 
during feedback in the artificial reverberation system or a_t 
the walls of the room# This is of course due to the fact that 
the other sources of attenuation, such as the air in the room, 
have a relatively negligible effect#
Now, let us assume that the stored waveform is a sinusoidal 
wave train containing a large number of cycles and that it had 
totally "filled” the delaying mechanism at the onset of the tran­
sients#. Under these conditions, the transients produced by a 
simple reverberation system and the axial mode of the room are 
essentially different# In the case of the former, the wavetrain 
literally goes around a loop where it is attenuated every time 
it passes through the feedback circuit. Therefore, the succe­
ssively attenuated wavetrains do not interfere with each other 
but merely follow one another, and so, the rate at which the 
signal decays simply depends upon the feedback factor and the 
delay time of the system. It does not depend upon the frequency 
of the wavetrain# Furthermore, the "frequency” of the signal
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during each step of the decay will he the same as the original 
steady-state frequency, but the length of the steps will obvi­
ously depend upon the delay time of the system#
Let us now visualize the foregoing process taking place 
between two parallel walls of a room where the separation and 
absorption coefficients of the walls effectively give rise to 
the same delay and feedback factor as in the case of the rever­
beration system# In this case, there are many outputs or points 
of observation and the one that is equivalent to the previous 
case is a point half way between the two walls# Now, as a 
wavetrain undergoes reflection and attenuation at each wall, it 
gives rise to another wavetrain of the same frequency but of a 
different amplitude and possibly phase# The latter then propa­
gates in the opposite direction to that of the former, so that, 
the instantaneous amplitudes of the two wavetrains interact, 
and therefore, a new wavetrain of the same frequency but of a 
different amplitude and possibly phase will effectively propagate 
between the two walls# Clearly, each reflection will give rise 
to one such wavetrain, and a moment’s consideration will reveal 
that an observer standing half way between the two walls will 
"hear” a stepped decaying process exactly the same as that of 
the simple reverberation system except for one point# In the 
case of the axial reflections, the amplitude of the wavetrain in 
each step of the decay is dependent upon the frequency of that 
signal as well as the absorption coefficient of the walls which 
are assumed to be frequency independent# Clearly, the dependence 
of amplitude upon the frequency of the wavetrain results from 
interference# Therefore, in this case, those frequencies which 
give rise to constructive interference will, take a longer time 
to decay, and hence, the transient behaviour of the system is 
frequency conscious; a condition which does not exist for a 
simple reverberation system#
Now, the indications are that the ear hears these stepped 
decays as a continuous process# But, a more important point 
is that under the foregoing conditions, neither system produces 
a frequency shift from the driven-state to its transient condi­
tions#
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Let us now consider the significance of the duration of 
the wavetrain# Suppose that at the onset of the transient-state 
only a part of the delaying mechanism had been "filled" by the 
wavetrain# Clearljr, in addition to the previous properties, 
the decaying sound will now have "silent" gaps in between all 
the steps of its decay, i.e., potential flutter echoes#.
Now consider the condition where we do not have a wavetrain 
as such, but only a part of a cycle of the wavetrain "fills" the 
delaying mechanism# For the simple reverberation system, the 
decaying sound will consist of diminishing steps whose repetition 
period depends upon the delay time of the system, and their 
contents are replicas of the initially present "waveform" in 
the system’s delaying mechanism# Clearly, in this case, the 
periodicity of the decaying sound is only determined by the delay 
time of the system, so that, a transient effect approaching that 
of a resonance proper is generated#. From a subjective point of 
view, the important question is: does one hear this effect as
a kind of ringing or moreover, does the system produce notice­
able pitch changes for sinusoidal excitation? This information 
does not seem to have been reported in the literature#.
In the case of reflections between two parallel walls, the 
nature of the transient sound arising from sinusoidal driving 
signals whose wavelengths are comparable with the distance bet­
ween the walls is somewhat different# The incident and reflected 
waveforms will now interact with each other, so that, the ins­
tantaneous amplitude of the resulting waveform becomes the 
algebraic sum of the other two waveforms, bearing in mind that 
each reflected waveform undergoes a stepped attenuation at the 
corresponding wall# Clearly, if the reflection coefficients 
of the walls are increased, a better approximation of a con­
tinuous decay will be attained# So far as the periodicity of 
the decay is concerned, the position is not satisfactorily clear# 
Berman and Leedham (1969) whose paper on this subject was 
reviewed earlier wrote:
"Results have been obtained with the surfaces 1ft# apart, 
so that the two lowest resonances could be observed. When the 
excitation frequency was not far from one of these resonances,
2.41
decay always appeared to be at the resonant frequency, rather 
than the excitation frequency."
This implies that when the "stored" waveform between the 
two walls at the onset of the transient is of the order of one 
wavelength, then the "frequency" of the decaying sound will be 
the reciprocal of the delay time between the walls. But, when 
the stored waveform is of the order of half a wavelength, then 
the "frequency" of the decaying sound becomes the reciprocal of 
twice the delay time between the walls# It should be pointed 
out that Berman and Leedham used the term "frequency" in a loose 
sense, and referred to the decaying sound as an "apparent sine 
wave”, although the relevant decay traces which they published 
looked exactly like the exponential decay of a resonance proper.
In this respect, it should also be pointed out that the walls 
which they used had highly reflecting surfaces so that any steps 
present during the decay would have been more difficut to observe.
Therefore, from what has been said, it seems that in the 
case of the two lowest order axial modes between a pair of walls, 
an effect resembling the transient behaviour of a resonance proper 
is generated, so that from a subjective point of view, for sinu­
soidal driving forces, pitch changes are potentially possible.
In view of the foregoing, let us now summarise the impli­
cations of the term "normal mode" as applied to a simple rever­
beration system and the axial reflections between a pair of 
walls. During the driven-state, the normal modes only define 
a set of harmonically related frequencies for which the multiple 
reflections within each system give rise to constructive inter­
ference, and therefore, the frequency response of each system 
has points of maximum and minimum amplitude response# In the 
transient-state, the behaviour of the two systems are different# 
For a pair of parallel walls, at frequencies whose wavelengths 
are much smaller than the distance between the walls, the term 
normal mode still retains the same meaning as before, so that 
frequencies which correspond to those of the normal modes will 
take a relatively longer time to decay. When the wavelength 
is of the same order as the distance between the walls, the 
modes behave in a psuedo-resonant manner# The literature
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indicates that this takes place only for the two lowest order 
modes. However, from basic consideration of the reflection 
behaviour between a pair of walls, it is difficult to visulize 
how the periodicity of the decaying waveform could be anything 
but the delay time between the walls.
In the case of a simple reverberation system, when the 
periodic time of the exciting wavetrain is much shorter than the 
delay time of the system, then its transient-state will not alter 
the relative decay time of any particular frequency. In other 
words, in this respect, the normal modes are meaningless. How­
ever, frequencies that correspond with those of the normal modes 
will take a relatively longer time to decay to a certain level, 
but this is because those frequencies would have had relatively 
greater amplitudes during the driven-state of the system. Finally, 
when only part of a cycle "fills” the storing mechanism, a 
psuedo-resonant decay having the same period as the delay time 
of the system will be generated.
3. Multiple reflections like those in rooms or in multi-path 
feedback reverberation systems are another cause of colourations. 
Clearly, this case is an extension of the previous one in the 
sense that the number of modes have now been increased. There­
fore, during the driven-state, the normal modes still define 
frequencies for which constructive interference takes place; an 
effect which resembles the driven-state behaviour of a proper 
resonance. However, should one or more of these normal modes 
become isolated, then the system will give rise to potential 
driven-state colourations.
During the transient-state of both types of systems, provided 
the period of the exciting wavetrain is much shorter than the 
delay time between the walls of the room or the longest delay 
time of the feedback reverberation system, then the normal modes 
will have the same implication as for the driven-states. That 
is to say, frequencies which coincide with those of the normal 
modes will have relatively longer decay times, so that in this 
respect, the normal modes exhibit a "resonant” behaviour. How­
ever, the decaying process results from the interference of a
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large number of reflections having the same frequency as the 
original signal but different relative phases and amplitudes. 
Therefore, the decaying wavetrain must have the same frequency 
as the original. In the case of a proper resonance, the driving 
frequency and the natural frequency of the resonance are usually 
different.
So far as the psuedo-resonances of a room are concerned, - 
the position is not very clear. According to the literature, 
the six lowest order axial modes exhibit this behaviour, but 
applying the underlying principle of those cases to the other 
types of low frequency modes of a room does not seem to reveal 
potential psuedo-resonances of a higher frequency than those of 
the axial modes. However, from a subjective point of view, 
Knudsen (1932) has reported noticeable pitch changes at low 
frequencies in a small room where four of the two-lowest-order 
axial modes had frequencies of 70 and 140Hz, and two of the low 
order tangential modes had a frequency of 137Hz approximately.
He attributed one of the pitch changes to these tangential modes 
even for a driving frequency of 143Hz. Therefore, it seems that 
at least some of the low frequency tangential modes also exhibit 
a psuedo-resonant behaviour.
4. The remaining cause of colouration is the existence of 
isolated resonances proper in any broad-band system. Examples 
of this are the local resonances of a loudspeaker assembly or 
resonating objects found in rooms.
From the foregoing, it is clear that apart from the driven- 
state colourations resulting from the interference of a broad­
band sound and one repetition of that sound, an isolated reso­
nance, psuedo-resonance or room mode (which has most of the 
characteristics of a resonance) can be considered to be the 
basic cause of all the other colourations. Furthermore, since 
these "resonances" are the naturally occurring conditions within 
a system, the next step would be to establish their subjective 
effect quantitatively in terms of their objective parameters.
In the simplest case, one would study the effect of a single
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resonance within an otherwise "resonance free" and broad-band 
system# This was the motive for the present investigation, 
details of which are given in the following sections#
For the moment, it may be said that a single resonant sys­
tem, taken as a unit cause of colouration, embodies all of the 
following three basic types of colourations, some of which must 
exist in any system which produces the effect#
1# Driven-state colourations#
2# Transient-state colourations#.
3# Frequency shifts occurring during the transition from one
state to the other. These may be called inter-state colou-- 
rations.
Therefore, in view of the fact that colourations caused by. 
a single resonant system are not confined to any given state of 
the system, the objective parameters chosen to define its overall 
transmission characteristics must apply to both states of the 
system. This point will now be studied in some detail during 
the next section.
SECTION 5
TRANSMISSION CHARACTERISTICS 
OF SYSTEMS CONTAINING A SINGLE RESONANCE
3*1 Introduction
If a broad-band transmission or processing system contains 
a single local resonance, then its transfer characteristics 
depend upon two factors# The type of the actual resonance is 
the first factor and the way in which the resonance interacts 
with the rest of the system is the other# For example, the 
system may contain a particular type of parallel resonance 
whose output is in phase with the rest of the system at the 
resonance frequency giving rise to a hump in the overall ampli­
tude/frequency response of the system#
The configuration of the elements of the resonance may be . 
of the series or parallel variety# For each type, the resonance 
may be such as to emphasize certain frequencies or attentuate 
them# Finally, a phase difference may exist at the resonance 
frequency between the output of the local resonance proper and 
the rest of the system. The cumulative effect of these factors 
will determine the overall transfer characteristics of the 
system, and therefore, a quantitative understanding of their 
interactions becomes necessary. But, such an undertaking 
requires a set of parameters that can fully define the system, 
and so, the choice of parameters requires attention.
3*2 Choice of Parameters and the Meaning of Dilution
The frequency of the local resonance is obviously one of 
the parameters because it establishes the "position” of the 
colouration within the audio spectrum# The Q of the resonance 
is another parameter because it determines the "spread” of the 
colouration along the spectrum. Another important factor is 
a measure of the spectral energy modification that the programme 
material undergoes when it is passed through the system# Tradi-
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tionally, such systems have often been investigated in the 
frequency domain and a measure of the amplitude/frequency res­
ponse of the system has been considered to be representative 
of the behaviour of the system in general. Later in this 
section, it will be shown analytically that a system can con­
tain a local resonance and yet yield a flat amplitude/frequency 
response. It will also be shown that two different single 
resonant systems could have identical overall frequency res­
ponses. Therefore, it follows that a measure of relative 
amplitudes in the traditional way can .be misleading and a more 
reliable method must be sought.
Consider a broad-band system containing a single selective 
resonance, i.e., one which emphasizes the frequencies near reso­
nance. Incidentally, from this section onwards, the term "reso­
nance" refers to the state at which no phase shift occurs between 
the signals at the input and output of the resonance elements 
proper. Let the output of resonance add in phase to the rest 
of system. Clearly, this will give rise to an amplitude/fre­
quency response which exhibits a hump in the vicinity of the 
resonance frequency. If we apply a burst of tone, whose frequency 
is near that of the resonance, to such a system, then provided 
the duration of the actual burst is long enough to excite the 
resonance fully, the output of the system will be that-shown by 
the lower trace of Figure 3-1* The upper trace is the input to 
the system.
Figure 3*1
[Nl
3-2
At the onset of the input tone burst a signal appears at 
the output whose magnitude | N | (Natural), depends solely upon 
the linear transmission characteristics of the system. With 
increasing time, the contribution of the resonant part of the 
system increases and adds to the "natural" signal. This accounts 
for the initial rise in the output. When the resonance reaches 
full excitation, its contribution plus that of the natural 
signal give rise to a level j c |  (Coloured), which is sustained 
up to the end of the input tone burst. Once the input signal 
is removed, the contribution of the natural channel ceases and 
the output drops rapidly to a level |r | (Resonance), which, 
represents the peak excitation level of the resonant part alone. 
The output then decays at a rate which is solely dependent upon 
the Q and frequency of the resonance.
Relating this to an amplitude/frequency response represen­
tation of the system; |n |, would correspond to the output at 
frequencies far apart from that of the resonance (zero and 
infinity to be precise); | c | ,  would be the output obtained at 
resonance and |r |, would have to be calculated from (|c |-[n |). 
Finally, Q would be measured (theoretically at least) from the 
shape of the output hump. In practice, such measurements are 
often impossible. For example, in the case of loudspeakers 
and rooms in particular, the level|n | cannot be measured accu­
rately. The hump may be such as to make measurement of Q 
impossible. Besides, the above mentioned flat frequency res­
ponse obtained from a system containing at least one local 
resonance can not even reveal the existence of the resonance 
let alone a quantitative measure measure of it. On the other 
haiid, a tone burst measurement can provide an accurate indication 
of the state of the resonance.
From Figure 3*1, in addition to the frequency and Q of the 
resonance, a useful and reliable measure of the relative contri­
bution of the resonance also emerges; namely, the ratio |r/c |. 
This will be denoted by |D|, and called the Dilution of the 
system. The terminological analogy with chemistry is based 
upon the fact that one can change the relative signal contri­
bution of the resonance while keeping its Q and frequency
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unaltered. Similarly, the identity of a liquid does not depend
state quantity which gives a direct measure of the difference 
in amplitudes prevailing at the end of the driven-state and the 
beginning of the transient-state of the system. Therefore, in 
this respect, it "links" the two states which have often been 
considered in separation. Another useful parameter is of course 
.the ratio I°/N  | > denoted by |h |, which gives a measure of the 
frequency response of the system.
These two ratios will now be used in order to develope 
generalised transmission characteristics which will be necessary 
for the definition of the energy parameters of a single resonant 
system.
3.3 Generalised Transmission Characteristics
the complex amplitudes of the signals from the outputs of a 
local Resonance and the Natural channel which are added together 
in order to yield the coloured output C. £, represents the 
frequency dependent phase shift which the local resonance gene­
rates, and 0, is a frequency independent phase difference which 
may exist between R and N. Therefore,
By definition, the amplitude/frequency response H, and 
dilution D, of the system are given by:
upon its dilution. Note that the dilution (D|, is an inter-
R |ei(wt + »)
Q-------
CeiwtFigure 3*2
Consider the system outlined in Figure 3*2. R and N are
C = R + N = | R|e1^ + | N | e1^ 3*1
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3*4
and „ _ _ lR|ei8___  3 3
and ® " C - i* |„i ±0 ....  5*5
so that, i- = |||e ^  + 1 ..... 3.4
From equations 3*2 and 3-3>
H'D = H 7 ^ = « = K  ..... 3.5
and therefore, |m | =■ | H | -1 D J = |jj|   3*6
This relationship, which is phase independent, is important and 
will be used extensively, so it is well to remember it* From 
equations 3*2, 3*4 and 3*6 we get:
H = 1 + (M | cos (if— 0) + i| M |sin(tf- 0) ***** 3-7
and 1 = l 0] -   5#8
From these equations, it can be shown that:
IHI = j l  + |m|2+ 2|m|cos(*- 0) ' ..... 3-9
d| = I  -I rcl- —  —  -  — ^ ..... 3.10
/ 1 + (m|2+ 2|m|cos(£- 0)
In addition, from equations 3-7 and 3*9» the phase difference 0, 
between the coloured output C, at a given frequency and the 
output at frequencies where R = 0 (zero and infinity to be 
precise) is given by:
tane - W3in(X- 11— ^  ..... 3 - H
1 + | M jcos(lf- 0)~
sine =   3.12
and cose = 1 4 I ^  — £L   5.15
It should be noted that [h |, |d | and G express the relative 
output conditions of the system at the frequency of interest 
with respect to reference points which also exist at the output. 
Clearly, although the reference points R = 0, are theoretical
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ones, their practical equivalents can be found at frequencies 
that are far apart from that of the resonance, and therefore, 
the developed versions of the foregoing equations, will be of 
practical value.
Now, from equations 3-9 to 3*13> it is clear that the 
transmission characteristics |h|, |d| and 0 depend upon the 
type of resonance which is operative because, these equations, 
contain the phase angle #. But, for any type of resonance. "6 
is zero at the resonance frequency (by definition). Therefore, 
if we find a set of energy parameters that are unique ajt the 
resonance frequency, then for. a given type of resonance, |h|,
|D | and 0, expressed in terms of that set of parameters, norma­
lized frequency and the Q of the resonance, will give the 
normalized transmission characteristics of the system in general. 
This set of parameters will now be established.
3-4 Definition of- Energy Parameters Taken at Resonance 
3.4-1 General
At resonance, # = 0 ,  D -> D , H -> H , M -*■ Iff and 0 —► 0 .o o o o
Therefore, equations 3-9 to 3-13 become:
It should be noted that |Mq| has been replaced by Mq. This is 
because at the resonance frequency, the impedance of any type
3-14
Dol 1 + M2+ 2M cos0
3-15
0 o
tan8
-M sin0 o 3.16o 1 +s W cos0 o
sin0
-M sin0 o 3-17
1 + M cos0
and 3-18
3-6
of resonance is real and, as it will be seen later, is always 
positive.
From equation 3*14 and the fact that Mq = N *  H  , we
get:
w * - 1 + iHoi2 * iD0r + 2 iHo M Doi c°s0 ...... 5*19
from which. r i
„ W  ‘- w  -1 - . „0
00" ,  2 N  • W   5 0
This equation implies that for a given |Hq| and |dJ , the corres­
ponding phase angle 0, is given by:
2n% - 0^ where, 0 < A < *
In other words, there can only be a maximum of two different 
phase angles that can give rise to a particular set of values 
for |Hq| and |Dq| . The reason for this is that |Hq| and |Dq| 
are measured at the resonance frequency, and at that point the 
local resonance proper does not introduce any phase shift* 
Therefore, so far as phase differences are concerned, the mag­
nitude of the coloured signal which results from the combination 
of the resonant contribution and the natural signal is solely 
dependent upon the phase angle 0, existing between the two 
signals, and it does not matter whether one of the two signals 
leads or lags the other one. But, it will shortly be shown 
that when 0 = 0 or 0 = n, the set of values of |Hq| and |Dq| 
that arise from these two conditions are unique. This implies
that for the in-phase and anti-phase conditions lHol and lDol
are the only energy parameters that are necessary, whereas, 
for the other phase conditions, 0 must also be specified.
Now, from equation 3*6,
lHol * lDol - M  = Mo ..... 3.21
and since |Ro| and |n |, are the basic quantities from which the 
frequency response and dilution at resonance have been obtained, 
then the product |H | . |Dq| = Mq , together with the phase angle 
0, can be taken as the energy parameters of the system in general.
Furthermore, from equations 3*16, 3*20 and 3*21, it can be 
shown that:
3*7
. rt . n KJ2!1 - P o\‘]+1
s m 0  = - tan eQ----2 ]H J 7  ................   3*22
and so, in practice, the phase angle 0 can he calculated from 
equations 3*20 and 3*22.
3.4*2 Special Relative Phase Cases
a. 0 = 0
From equation 3*14,
lHo! = + m o)2‘ = 1 + m o „
and since,'Mq = |Hq| . |Dq| , we get:
K l i 1 ~ W ]  ■ 1 • *•—  5*25
BO that |H0| = 5- ^ g - J  and (dJ = . 3'24
we also have: u. i
" o - N - 1 and M0 = — °WT. • —  * 3*25
t). 0 =
From equation 3»14*
|Ho| =y[-(l - M0)]2 = ±(1 - H0)
and since |Hq| is positive, it follows that when Mq ^ 1 ,
|Hq| = MQ- 1, and when 1, |Hq| = 1 - Mq. This gives rise
to the following equations:
when Mp - |Hq| . [pj >  1 
lHol [ l Dol -  1] “ 1 ■   5'26
1 1 + lHnl
= and N  -   5 *27
Mo “  1 + lHol and Mo = -[D
Do
- 1 3*28
3*8
when Mq = [Hp| . [Dq| <  1
lHol [ W  + X] - 1   3' 29
1 1 " lHol
lHol = 1dT T T  and lDol = — ST .......  3*50I Ol I 01
Po
Mo = 1 - lHol and % = J J T T  •••■•/...3-31
Graphical representation of the foregoing relationships 
for the in-phase and anti-phase conditions can he seen in Figures 
9*1 and 9-2. In Figure 9-1, it should be noted that a parti­
cular set of values for |hJ and |dJ defines a unique system; 
a point which was also made in Section 3-4*1, whereas, a given 
value of |Dq| corresponds with two values of |Hq| and vice versa* 
But, if we only consider the in-phase conditions and the anti­
phase cases in the range |Hq| * |Dq| ^  1, i-e., if we exclude the 
broken curve of Figure 9-1, then |Dq| can be taken as the energy 
parameter of the system, so that* for the in-phase conditions, 
the dilution lDol ’ is always negative (in dB), and for the anti­
phase conditions in the range |H | . |Dq| ^  1, it is always posi­
tive (also in dB). Furthermore, since these two cases are the 
only phase conditions that ai>ply to the experimental parts of 
the present investigation, the dilution lDol , has been taken 
as the energy parameter of the system for experimental purposes*
3-5 Description of Different Types of Tone Burst Outputs for 
the In-Phase and Out-of-Phase Conditions________________
The various types of dilution which the equations of the 
previous Section signify can be seen in Figure 3-3- The upper 
and lower traces of each pair represent the signals present 
at the inputs and outputs, respectively, of various broad-band 
systems, each containing a single local resonance* The fre­
quency and Q of the resonance are 1kHz and 12 respectively for 
every case. The frequency of the tone bursts are also 1kHz* 
Figure 3-3a is in fact the same as Figure 3-1; the shape 
of whose output trace has already been explained in Section
3-9
3.2. Figures 3* 3b to 3*3f represent cases where the resonant 
and natural signals have been added in anti-phase. In every 
case, at the onset of the input tone burst, the resonance con­
tribution |Rj , is zero, and therefore, the signal that appears 
at the output is the natural contribution |N|- In Figures 
3#3b, 3*3e and 3*3f> 11ST | is greater than the coloured signal 
C , and therefore, as the resonance contribution builds up, -
CQ = ([ N| — |Rq| ), gradually decreases until full excitation of
the resonance is reached, and that state is then sustained up 
to the end of the input tone burst. Figure 3*3f represents a 
notch filter where |R | = |^|> an(* hence, the identical initial 
and final decays. In Figures 3-3c and 3*3d, |n | is smaller than 
|Rj , and therefore, as the resonance contribution is building
up, a point will be reached when the instantaneous values of
|N| and [Rq| become equal to each other, and since |CQ| = ( |R0|“|n |), 
this results in a momentary null at the output.
The behaviour of the output signals at the end of each 
input tone burst is fairly self explanatory. For instance, in 
Figure 3.3d, since |Rq| is greater than [ c j  = ( |R |-|n |), at 
the end of the input tone burst, |n | becomes zero, and so,
|Co| = |Rq| , giving rise to a positive (in dB) dilution. In 
passing, it should be noted that the notation "positive" dilution 
refers to the dB value of the corresponding [d |.
These tone burst outputs illustrate the point that the 
amplitude/frequency response of a system alone does not always 
reveal the state of the resonance. For example, although the 
output trace of Figure 3*3d does reveal the presence of a reso­
nance, the flat frequency response of the same system would not 
have done so (Section 3*7.1). In addition, Figures 3.3a and 
3.3c result from two different systems having identical fre­
quency responses characterised by 6dB humps at resonance. But, 
their tone burst responses are clearly different. This is also 
the case in a large number of other systems (Section 3.7*3).
The simplicity of the tone bursts shown in Figure 3*3 was 
arranged under controlled conditions in order to illustrate 
their basic features. In Practice, many problems can arise. 
Frequently, cases are encountered when the decay time of the
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resonance is too long in comparison with either the duration 
of the input tone burst or the tone burst repetition rate or 
both# Figure 3-4 illustrates such a case. The frequency of 
the resonance and the tone burst are both 1kHz. |hJ is OdB, 
[dJ is +6dB and the Q of the resonance is 50.
Figure 3-4
At the onset of the input tone burst the natural signal 
[N|, appears at the output and the resonance contribution begins 
to build up. Since for this case, |c | = ( |Rq| - | N |), a momen­
tary null appears at the output when |Rq| becomes equal to | N |. 
Thenafter, as |Rq] increases, |CQ| also increases, but the reso­
nance cannot reach full excitation before the end of the input 
tone burst, and therefore, |CQ| does not reach its peak value.
At the end of the first tone burst the output rises to a certain 
value which is in fact the level of excitation that the reso­
nance had reached before the input to the system was removed.
The rise occurs because that particular excitation level of the 
resonance is greater than the corresponding |CQ| . After the 
initial rise, the output starts to decay at a rate determined 
by the Q and frequency of the,resonance. But, before the com­
pletion of the decay a second tone burst arives, and so, the 
initial rise in the output at the beginning of the second tone 
burst will no longer represent the natural signal alone. It 
will in fact be a combination of the natural signal |n ), and 
the remaining part the decay.
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3.6 Summary of the Discussion about the Objective Parameters 
of a Single Resonant System _____;___________ '_______ _ _ _
In view of the foregoing discussion, the transmission 
characteristics of a broad-band system containing a single local 
resonance of a particular type can be described in terms of the 
following parameters:
1. The frequency and Q of the resonance determine the system’s 
behaviour in the frequency and time domain. For mathema­
tical purposes, the transmission characteristics will be 
expressed in terms of normalized frequency.
2. The product Mq= JhJ . |Dq| , in conjunction with the phase 
angle 0, are the system’s energy parameters and will be 
used for mathematical purposes. But, for experimental 
purposes, |dJ is the only energy parameter which has been 
used (Section 3*4.2).
With the aid of these parameter, the effect of the type of 
resonance and the way in which it interacts with the rest of the 
system will now be studied in detail.
3.7 Transmission Characteristics of a Single Selective Series 
Resonant System_________________’____   -
3.7.1 General
Figure 3*5
OutputInput
Consider the system outlined in Figure 3*5* R and N are 
the complex amplitudes of the currents injected into the summing
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amplifier from the resonant and natural parts of the system 
respectively. The natural current N, undergoes a unity gain 
phase shift e^, before it enters the summing amplifier.
I VI IV le^= -Hr1 and N = —Now, R z — - - p
L
where, Z, is the impedance of the series resonant circuit and 
P, is a pure resistance. Therefore, '
| = | e - i0 and so, |||=||| ..... 3-32
By simple substitution, it can be shown that:
■ Z = r ^ 1 + iQ(iL-=-i )] = r(l + iQa) ..... 3*33
w X
where, Q = ——  , k = —  ; w , being the angular resonance1 oQ
frequency, and,
k2— 1
a = ..... 3*34
Therefore, at resonance, i.e., when k = 1 and a - 0,
equation 3*32 becomes:
' |r|= |f| = f = « 0   3.35
By definition, the frequency response of the system is given
by:
„ C R 1 P -i0.. , \  -zc
H = N = K Z 1 3.36
and hence, from this, and equations 3*33 and 3-35i it can be 
shown that:
2 2
1 + Q a + Mn(cos0 - Qasin0) - iM (sin0 + Qacos0)
H = ----------- 2------------ —   ... 3.37
1 + Q a
from which, the relative amplitude/frequency response of the 
system becomes:
M2+ 2M (cos0 - Qa sin0)
IH I = / 1 + — ----2--- 7-5----------  .. ... 3.38
1 + Q a
The graphical form of this equation for various values of 0, all 
at Mo= Q = 2, can be seen in Figure 3.6a, where it is clear that
when 0 - 180 degrees, the overall frequency response of the 
system becomes flat* In general, for such a condition to pre­
vail, the numerator of the second term under the radical in 
equation 3*38 must be zero for all values of a and Q. For this 
to happen,
Mq = -2(cos0 - Qasin0)
so that, sin0 must be zero, and therefore, Mq = -2cos0* In
addition, since Mq is positive, it follows that 0 = tt, and
hence, M = 2* In other words, there is only one condition o
that can give rise to a flat overall frequency response, and
that is when 0 - n and . M = 2*  o
The other feature which can be seen in Figure 3*6a is that, 
with the exception of the 0 = 0 and 0 = % curves which are 
always symmetrical about the resonance frequency, the remaining 
curves are asymmetrical about that frequency* Now, the overall 
shape of any one of these curves is the information that the 
system in question reveals about itself in practice* Further­
more, since the energy parameters of the system have been defined 
at resonance, it follows that the frequency of the resonance 
must be identified from the overall features of the given curve* 
Clearly, this information can only be obtained from the positions 
of the maximum and minimum which occur in the overall shape of 
each curve, because these are the only points that can be iden­
tified in practice. At these frequencies, d|H |/dk = 0, and 
from equation 3*38, it can be shown that this condition is 
satisfied when:
(Q2sin0)a2- Q(Mq + 2cos0)a - sin0 = 0   3*39
+ / 2~  '
M + 2cos0 - / 4 + M + 4M cos0
, . , o V O O -7 „ ^
from which, a = .......... 2Qsin0...............  ....
If we denote the roots of a by a-^  and ct2, then from equation 
3*40, we get
a1a2 = -1/Q2   3*41
In addition, if we let the frequencies at which the turning 
points occur be f^ and f2 (in Hz), then from equations 3*34 and 
3*41 it can also be shown that:
3*14
< -  K + fX + K f2+ ^  W  = 0 ....  3.42
where, f , is the frequency of the series resonance in Hz.
® 2 2
Furthermore, since the ratio f /Q , is related to the rever-s
beration time of the resonance T, (Section 3.12), the relevant 
root of equation 3*42 becomes:
2f* = f* + f*- / (f2“ fl)2_ 19*34f,f„/T*   3'43
"V
- J .  /T2
s 1 2  J v 2 l y 
and therefore, the frequency of the resonance can be calculated 
from this equation.
By definition, the dilution of the system is given by:
and so, | = 1 + |  = 1 + | ..... 3.44
From this and equations 3*33 and 3*35> it can be shown that:
M + cos0 - Qasin0 + i(Qgcos0 + sin0)
i = -2...................................    3.45
D Mq '
from which,
_ I 1 + Q2a2+ 2Mo(cos0 - Qgsin0)
■ Td T = y i + - ..... 3.46
The graphical form of this equation for various values of 0, all 
at Mq= Q = 2, can be seen in Figure 3*6b, where it should be 
noted that only the 0 = 0  and 0 = n curves are symmetrical 
about the resonance frequency; a situation which is similar to 
that of Figure 3*6a. But, unlike the frequency response curves, 
the dilution graph for any phase angle only exhibits one turning 
point whose position is given by (from equation 3*46):
M sin0
-2r!...   3-47max Q
Furthermore, in view of the fact that the normalized frequency 
k, is always positive, whereas, the frequency factor g, can be 
positive, negative or zero, equation 3*34 may be written as:
"ig + J g2 + 4 
2
Therefore, from equations 3*47 and 3*48, the frequency at which
k = a y  1 ---   3*48
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the maximum value of |d | occurs can be calculated in terms of 
k- It should be noted that the position of the maximum of a 
given dilution curve is not, in general, the same as that of 
any one of the two turning points of the corresponding fre­
quency response curve-
Figures 3-6a and 3*6b also show that apart from the 0 = 0  
and 0 = 7i curves, the values of |h| or |d| at k =1, i-e.,- 
|H | or |Dq| , are the same for any pair of symmetrical phase 
angles, e-g-, 0 = +45 degrees and 0 = -45 degrees- This
confirms the point which was made in Section 3-4-1-
Finally, from equation 3-37, the phase/frequency response 
of the system is given by; t
-M (sin0 + Qacos0)
tane = --- — — ----- — .....................  . 3-49
1 + Q a + Mq(cos0 - Qctsin0)
3-7-2 The In-Phase Condition, i-e-, 0 = 0
From equation 3-38, the frequency response of the system 
becomes:
M %  2M _ „
M  .....3.50
1 + Q a
and since, for this phase condition, Mq = |hJ - 1 (equation 
3*25), equation 3-50 becomes:
TT 1 2 ^2 i
ol + Q “
T
2 2
1 + Q ec
3-51
Clearly, if |Hq| > 1  , then |h | > 1. But, from equation 3-25,
|hJ = 1 + Mq which is greater than unity, and so, |h | ]> 1. In 
addition from equation 3-51,
n2 2 k t - i=r 
a . —  5*52
When k ^ 1, a ^ 0, and therefore, Q2cc2 0, so that, K r > i H r  
This means that the overall frequency response of the system 
will always have a symmetrical hump at the resonance frequency-
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From equation 3-46, the dilution of the system becomes:
1 + Q2cc2+ 2M 
1 + -------r-----   3-53
1
f t M
and since, Mq= j---- p-j—  (equation 3.25), equation 3*53 becomes:
FT D -  1 3-54
Now, from equation 3-25» we have that |Dq| <[ 1# Furthermore, 
an inspection of equation 3-54 will show that when a ^ 0,
ID | |Dq| - This means that, using the dB notation, the dilution 
of the system is negative at all frequencies, and that its 
maximum value occurs at resonance#
3#7-3 The Anti-Phase Condition, i«e«, 0 = n
From equations 3-38 and 3-46, the frequency response and 
dilution of the system become:
 1
M*!- 2M„ o o
2 2 1 + Q a
1
FT
1 + CfV- 2M
1 +
3-55
3.56
M.
In view of Section 3-4-2, since the relationships which exist 
between Mq, |hJ and |Dq| depend upon the relative value of 
Mq with respect to unity, equations 3-55 and 3-56 become as 
follows:
and
when M = |Hq| . |Dq| >  1
H =
FT D 1 - D
3-57
3*58
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when Mo= |Ho| . |Dq| <  1
and
H
2 2
+ Q a
2 2 
1 + Q a
1 2 2 
+ Q a
D
1 + D
3*59
3*60
Let us consider the frequencjr response relationships first, 
Since.equations 3*57 and 3*59 are identical to equation 3*51> 
which was for the in-phase condition, it follows that the line 
of argument which was put forward in relation to the latter, 
also applies to the former equations* That is to say if:
lH l > 1lHol >  1 
lHol = 1
h .I <  l
then
then
then
H | = 1
M  <  1
and since the relevant range of values of |Hq| can be determined 
from equations 3*28 and 3*31 of Section 3*4*2, an inspection 
of equation 3*52 will reveal the various relationships than can 
exist between [H j and |H | for different values of the latter* 
Accordingly, when 0 = n, the overall frequency response of the 
system can either be flat or have an infinite or finite dip or 
a finite hump at the resonance frequency* Furthermore, since 
equations 3*51» 3*57 and 3*59 are identical to one another, it 
follows that when the value of |Hq| is the same in any pair of 
these equations, then the overall shape of the resulting fre­
quency responses will also be identical* For example, when 
Mq= 1 for the in-phase condition, then |Hq| = 2 (equation 3*25), 
and putting Mq= 3 for the anti-phase cases in the range 
M ^  1, also makes |H | = 2 (equation 3*28). Further inspection 
will show that a large number of similar cases also exist, even 
within the anti-phase conditions.
So far as the relationships for dilution are concerned,
i.e., equations 3*58 and 3*60, a similar argument to that which 
was carried out in connection with equation 3*54 will indicate 
that when 0 = n, the maximum value.of dilution always^occurs
3*18
at resonance, but its absolute value can be positive, negative 
or zero (in dB) depending upon the value of Mq. Furthermore, 
the type of dilution at other frequencies can also be different 
from that which prevails at resonance# For example, when |Dq| 
is positive (in dB), as is the case when Mq ^  1, the value of 
|D| at other frequencies can be positive, negative or zero 
(in dB).
In view of the foregoing discussion, when 0 = 0 ,  the fre­
quency response of the system always has a symmetrical hump at 
resonance and the dilution is negative at all frequencies* But, 
when 0 = 71, the frequency response of the system can exhibit 
a symmetrical hump or dip at resonance or be flat depending 
upon the value of Mq# Similarly, the dilution type of the system 
can also be varied.
3.8 Transmission Characteristics of a Single Rejective Series
Resonant System_____________________________ ______________
3.8.1 General
Figure 3*7
-G -1
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Consider the system outlined in Figure 3*7, where R, N 
and C represent the complex amplitudes of their respective 
potential differences* The unity gain inverting amplifier in 
the resonant channel has been added for the sake''of compatibi­
lity with the "Selective Series Resonance" case.
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Now, R = -h-1. and N = |v|ex^
Therefore, f = P e_ and so, |S| = ||| ..... 5.61
At resonance, Z - r, and hence, equation 3*61 becomes:
liri = Ip I = P = Mo * **** 3*62
By definition, the frequency response and dilution of the 
system are given by:
H = N = 1 + i  = 1 +  i  e~i0   3'63
and D = | so that, | = 1 + | = l + | e1^ ....  3*64
From equations, 3*33> 3*62, 3*63 and 3*64> it can be shown that:
H = 1 + Mq(cos0 + Qccsin0) - iMQ(sin0 - Qacos0J ..... 3*65
| H | = / 1 + M*(l + Q2a2) + 2Mo(cos0 + Qasin0) ..... 3.66
2 2
^ Mq(1 + Q a ) + cos0 + Qasin0 + i(sin0 - Qacos0)
D M0( l  + qV )
^ . 1 + 2Mo(cos0 + Qasin0)
3*67
“V
TtTT s=/^’ + 2 2 2  ***** 3*68
ID 1 / M*(l + Q a )
-M (sin0 - Qacos0) 
and tane = r + H (cos0 + QaSin0) *---- 5'69
Now, when. Mq = 2 and 0 = n, the overall frequency res­
ponse of the system, as indicated by equation 3*66, will not 
become flat, whereas, under the same set of conditions, the 
frequency response of a selective series resonant system does 
become flat (Section 3*7*1)* In fact, an examination of equation 
3*66 will show that a rejective series resonant system cannot 
yield a flat frequency response under any circumstances.
3*8.2 The In-Phase and Anti-Phase Conditions
For reasons that will shortly become apparent, only the,
3*20
frequency responses for these conditions will be considered#
From equations 3*25> 5-28 and 5-31 of Section 3-4-2, and equa­
tion 3-66, it can be shown that:
when 0 = 0, |h| = I |Hq| 2 + ( |Hq| - l)2Q*a2 ' ... 3.70
when 0 = it, and MQ ^ 1 ,  |h| = I |hJ 2 + (1 + |Hq| )zQsa* ' ... 3-71
when 0 = it, and 1, |h | = / |Hq| * + (1 - |hJ  )2Q*a2 ' ... 3-72
These equations reveal two important points# Firstly, it
is not possible to obtain identical overall frequency responses 
from any pair of them; a condition which does exist for selec­
tive series resonant systems# Secondly, an inspection of1these 
equations will indicate that |h | is greater than |H | in every 
case# In other words, there is always a dip at the resonance 
frequency, and therefore, these systems are of little use for 
experimental purposes#
3#9 Transmission Characteristics of a Single Selective Parallel 
Resonant System_________
3#9#1 Introduction
In all of the cases which have been studied up to now, the 
transmission characteristics have been shown to be symmetrical 
in form about the resonance frequency# Of course, this has 
been due to the fact that the circuit elements of a series reso­
nance are always considered in a singular configuration, and 
the modulus of that network*s impedance is symmetrical about 
the resonance frequency#
The relative positions of the resistive elements of a 
parallel resonance in relation to its reactive parts can be 
varied, and most of these configurations produce asymmetries 
in the transmission characteristics of a system containing 
such a local resonance# Clearly, the most rigorous analytical 
approach would be to formulate the transmission characteristics 
of a system containing a general type of parallel resonance,
3-21
so that, the formulae thus obtained could subsequently be sim­
plified for specific cases* To this end, attempts were made, 
but it was found that the excessive complications involved did 
not justify the end* The next best solution is to establish 
the necessary formulae for the most commonly occurring type 
of parallel resonance. So far as the field of acoustics is 
concerned, no information could be found in the literature that 
would reveal the predominance of any particular type of local 
parallel resonance within various systems. However, in elec­
trical circuitry the resistive element of a parallel resonance 
network is usually attributed to the inductance, and the capa­
citance is considered to be relatively lossless.
This particular type of parallel resonance is used in the 
following analysis. It has also been used in practice as the 
basis of a single resonance colouration synthesiser which is 
described in Section 4*4* It should be remembered that the 
term resonance is used to describe the state when the input and 
output signals of the resonance circuit proper are in-phase.
3*9*2' General
Figure 3*8
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Consider the system outlined in Figure 3*8, where R, N 
and C represent the complex amplitudes of their respective
3*22
potential differences, and the other notations have the same 
meaning as before.
Now, R = ^ and N = |v|ei0
where, Z, is now the impedance of the parallel resonant circuit. 
Therefore,
S - 1 e-i0
N " P and so, |g| = |? |
By simple substitution, it can be shown that:
Z =_ rQ2[o2- ikB3 Ck2- 1)]
where,
, 2 _2 f. 2 _2 rt2 *2
k p + (k P —  Q )
Q = V
3.73
5*74
3.75
and
P ./TIT
2 1 
Vs " LC.
k w
p
2
2 W
2
= W +
P
2 2 
2 w Q r_ y*
2 ~ 2 
L Q - 1
Q2- 1
r2 c.
L
Z_ = rC,
1.
‘ =  Z <
= rQJ
# # » « # 3*76
3*77
3*78
3*79
3*80
3*81
Z , being the value of Z at resonance, i.e., when k =1. o
that the resonance frequency is given by w and not by w .
P ®
Therefore, at resonance, equation 3*73 becomes:
Note
L i
In = m  = i r  = Mo
ifii _ 3*82
By definition, the frequency response and dilution of the 
system are given by:
H N N 3*83
3*23
D = ^ and so 1 . ! + B. _ x P 10 ’ D R Z 3-84
From equations 3*74, 3*82, 3*83, 3*84 and the aid of the follow­
ing simplification:
• 2 *6/. 2 _ \ 2 Q + k P(k - 1)
. 2 rt2 /, 2 rt2 _2v2
k p + (k p - Q )
it can he shown that:
= 1 + k2p2 3*85
H =
k2p2 + (k2p2- Q2 )2+ Mo [q2cos0 - kp3(k2- l)sin0]
-iMo[Q2sin0 + kg3(k2- l)cos0]
k202+ (k202- Q2)2
«*» 3*86
1
D
TpT 1 4
and tan© =
, 2-2 a, 2 _2 2 % 2
k M  (k P -  Q )
# #
+ k202) + Q2cos0 - kp3 (k2- l)sin0
+ifQ2sin0 + kp3 (k2- l)cos0j
•z
Mq(1 + k2p2)
# # • • # J
k2p2+ (k2p2- Q2)2+ 2Mq [q 2 c o s 0 - kp3 (k2- l)sin0j
M^(l + k2p2)
-Mo [Q2Sin0 + kp3 (k2- l)cos0l
87
k2p24 (k2p2- Q2)24 Mq [q2cos0 - kp3 (k2- l)sin0j
** 3*89
3*90
3*9*3 The In-Phase Condition, i«e,t 0 = 0
From equation 3*87, the amplitude/frequency response of the 
system becomes:
M2(l + k202) + 2MqQ2
,2.2 ,,2.2 -.2 *2 k 0 4 (k P - Q ) 3*91
Figure 3*9 shows the graphical form of this equation for various
3*24
values of Q all at =1. The overall features of these
curves are in fact the same for all values of M * That iso
to say, there is always a hump near the resonance frequency 
with asymmetrical tails on either side of it. From equation 
3.91> it can be shown that the position of the hump is given
by:  — 1
- ( M +  2Q2) - Q / QS(2 + M j 2+ 2M(l + M j
k2 = ---2----------- ^----------2------ 2______ 2______ „ * q5mnv 2 *..*. J»?C.
Ko(Q - 1)
In view of the fact that Mq and Q are both positive, an ins­
pection of equation 3*92 will indicate that there is'only one 
turning point in the overall frequency response of an in-phase 
system.
From equation 3*89, the dilution of the system becomes:
x . k202 + (k202- Q2)2+ 2MoQ!
m  ■ 1 1 * i £ r . “ v 5    3-55
and from this, it can be shown that the frequency at which the 
maximum value of dilution occurs is given by:
Q J 2(1 + Mq) + Q2 ' - 1
k2 = — -------- f...........  ....  3.94max Qa_ %
Here again, there is only one turning point, but its.position 
differs from that of the frequency response.
Finally, from equation 3*90, the phase/frequency response 
of the system becomes:
-MQkp3(k2-l)
tanG - 2 2  /!202 n2\2 ut n2 ***** 3*95
k P + (k 3 - Q ) + MqQ>
whose graphical form can be seen in Figure 3.10.
3*9*4 The Anti-Phase Condition, i.e., 0 = 7t
From equation 3*87, the amplitude/frequency response becomes
Figures 3*11, 3*13 and 3*15 show the three basic types of fre­
response that the system can have for different values of M .
o
It can be seen that in every case the degree of symmetry of 
the curves about the resonance frequency (k = 1) improves as 
the Q of the resonance increases* Another important feature 
to observe is that in Figure 3*13 where Mq= 2, the overall
frequency response does not become flat, whereas, a selective -
series resonant system under the same set of conditions, i.e*,
0 = it and Mq= 2, does yield a theoretically flat response*
It should also be noted that the maximum and minimum values of 
|H | do not occur at resonance, and from equation 3*96, it can 
be shown that the frequencies at which these turning points 
occur is given by:
-(M - 2Qa) - Q / Q2 (2 - M f -  2M (1 - M )'
k * x = ---2------------  ;---- 2------ 2------—  ... 3.97
f M (Q - 1)m m  o '
For a given set of Mq and Q values, this equation reveals the
existence of a maximum and a minimum in every curve, but the 
deviation of the response at one of these points could be so 
small as to make it practically insignificant* For example, 
although both of these turning points can be seen in the various 
curves of Figure 3*13, ,the Q = 3 curve of Figure 3*15 only 
reveals the hump which occurs at k = 1.09 and not the minimum 
which exists at k = 0*23 approximately.
From equation 3*89, the dilution of the system becomes:
, I k V +  ( k V -  Q2)2- 2M Q2 '
TdT ~ 1 * ---------  5-- 5~“i -------------  . . . . .  3-98
lD l I M^(l + k 0 )
and from this, it can be shown that the frequency at which the 
maximum value of dilution occurs is given by:
3T\
kmax q2_ i ..... 3,99
In view of this equation, it is clear that in contrast to the 
frequency response of an anti-phase system, the dilution only
3*26
exhibits a single turning point*
Finally, from equation 5*90, the phase/frequency response 
of the system becomes:
M0kf33 (k2- 1)
3.100
Figures 3*12, 3.14 and 3.16 illustrate the various types of 
phase/frequency response for different values of MQ. The corres­
ponding amplitude/frequency responses can be seen in Figures 
3.11, 3.13 and 3.15 respectively*
3*10 Anomalies Associated With Parallel Resonant Systems 
3.10*1 Introduction
Broadly speaking, it has been shown that there are a number 
of differences between the transmission characteristics of a 
parallel and,series resonant system, all of which stem from 
the asymmetries that exist in the former. From a practical 
point of view, the significant difference is the existence of 
a "step" which occurs in the overall amplitude/frequency res­
ponse of a parallel resonant system. This can be seen, for 
example, in Figure 3.13 where it is clear that the response at 
the lower frequencies has become attenuated by approximately 
2dB with respect to that at the higher frequencies, thus crea­
ting a level difference or step in the vicinity of the resonance 
frequency.
3*10.2 Magnitude of the Step which Occurs in the Overall Ampli-
can be represented in terms of the ratio of the amplitude/ 
frequency responses of the system at zero and infinite frequen­
cies. From equation 3*87, when k = 0,
tude/Frequency Response of a Parallel Resonant System
The magnitude of this step, which will be denoted by S| ,
H k=Q
3*27
3*101
and it can be shown that when k =00, | H | =1. Therefore, 
M k = 0  I 2MOQ2COS0 '
S I = r»r—  = I 1 + —  f —    3.102
3.10*3 Magnitude of the Step for the In-Phase and Anti-Phase 
Conditions _______________ ;_____________________ -
a. 0 = 0
From equations 3.25 and 3.102, the magnitude of the step 
becomes:
Mo , lHol - 1S = 1 + -f = 1 +     3.103
Q Q
and so, the step is always positive (in dB),
b. 0-71
Equation 3.102 now gives:
M
|S| = 1 - -f ...... 3.104
Q
and hence, |s| can be positive, negative, zero or minus infinity 
(all in dB) depending upon the value of Mq/Q , The difficulty 
with this formula is that it does not enable one to establish 
the relationships which exist between Mq and Q for different 
values of |s|# This can be overcome by rearranging it thus:
M2 - 2Q2Mq + Q4 (1 - |s|2) = 0 ....* 3.105
from which, Mq = Q2 (l - |s|) , ##•• 3*106
Since Mq is positive, it follows that when |s| ^ 1 >  there can 
only be one relationship between M and Q for each value of 
|s|, But, when |s|<^l, there are two such relationships#
From equations 3*28, 3*31» 3*103 and 3*106, the^  basic 
formulae which apply to the in-phase or anti-phase conditions 
of the system become as follows:
3# 28
When 0 = 0 ,  |Hq| = Q2(|S | - 1) + 1 ...... 3.107
When 0 = w ,  and Mo ^  1, |Hq| = Q*(l - (s|) - 1 ------ 3-108
When 0 = it, and K 1, |hJ = 1 - Q * ( 1 - | s | )  ..... 3-109
These equations have been plotted in Figure 3-17 for different 
values of |s|# The two curves which remain confined to the 
upper half of the graph and the broken curves correspond with 
equations 3*107 and 3*109 respectively, and the remaining curves 
stem from equation 3*108# It can be seen that for the in-phase
condition, |s| is always positive (in dB), and for a given value
of Jh | , the magnitude of [ S j increases with decreasing Q# But, 
for the anti-phase condition, as the value of Q decreases at 
a given value of |H | , the magnitude of |s| initially increases 
in the negative (in dB) direction, reaches minus infinity, and 
then becomes gradually less negative until it reaches zero# 
Thenafter, |s| increases in the positive (in dB) direction and 
eventually attains an infinite magnitude# The zero magnitude 
of [S | (in dB) is worthy of a note because it suggests that 
under these conditions the amplitude/frequency response of the 
system could become symmetrical# In fact, as it will be seen 
shortly, it does, but the position of the axis- of symmetry.is 
very different from that of the resonance#
3.10.4 Amplitude/Frequency Responses at Low Values of Q for 
the In-Phase and Anti-Phase Conditions _______ _
Anomalies of the type just mentioned increase in number 
and form at very low values of Q. In order to illustrate them, 
it will be necessary to modify equations 3*91 and 3*96 which 
give the frequency responses of the two phase conditions# This 
is because the normalized frequency k, which has been used in 
these equations is fact k = (equation 3*78), and from
V lr
equation 3*79,
####. 3*110 ,
p L
3*29
Therefore, when Q is equal to or less than unity, w^ becomes 
zero or imaginary, and so, the normalized frequency which has 
been used becomes infinity or imaginary. This difficulty can 
be overcome by replacing with the corresponding series reso­
nance normalized frequency k = w/w . From the general defini-s s
tion of k and equations 3*76 and 3*77 we get:
k*(Q2- 1) = k*f}2 = k2Q2   3.111
in view of which, equations 3-91 and 3*96 become:
1
M ^ d  + k V )  + 2M Q
H Irf _ = / 1 + 8 °0=0 - / QZ . 2 _2 #, 2 _ \ Zka + Q (ks - 1}
3.112
M2(l + k V ) - 2M Q2 
and | H U _  = 11 + -~r-z--- V - : --------------------  3-113
M 0=Jt = J  1 + Qa[k- + Q2(k= - i)2]
Note that the suffix "sw of k has been maintained for the sake 
of clarity.
These two equations have been plotted in Figures 3*18 to
3*21 for different values of and Q. Apart from the Q-dependent
variations of the magnitude of the step |s| (Section 3*10.3)»
these figures also show the changes which take place in the
shape of the local irregularity that exists in the vicinity of
k =1. In Figures 3*18 and 3*19> which are for the in-phase s *
and anti-phase conditions respectively, as the value of Q 
decreases, the resonance hump progressively diminishes, and 
at very low values of Q, we are only left with the step in the 
overall frequency response of the system. In Figure 3*20, when 
Q as 3, the local irregularity consists of a small dip followed 
by a similar hump. With decreasing Q, these deviations dis­
appear and a hump emerges whose magnitude in turn diminishes 
so that, once again, the step becomes the only prevailing 
feature at very low values of Q.
The symmetrical hump which can be seen in Figure 3*20 is 
of the type which has already been mentioned. For such a 
condition |s| =1, and so the relevant solution of equation
3*30~“
3-108 becomes:
|H | = 2QZ —  1 or Mq = 2Q2   3.114
In view of this, if we let Mq = 2Q2 in equation 3*97, then we
find that for the symmetrical hump cases, the'maximum always
occurs at k =1- In this respect, it should be remembered s
that the value of k given by equation 3*97 is in fact k^, so 
that, it has to be converted into kg with the aid of equation 
3.111-
Figure 3-21 shows another variation in the shape of the 
local irregularity. As the value of Q decreases, the dip gives 
way to-a hump which in turn disappears and once again, the 
step becomes the only remaining feature of the response at very 
low values of Q.
In view of the foregoing discussion, it is clear that, for 
low values of Q, the type of local irregularity which the ampli­
tude/frequency response of a particular system exhibits depends 
upon the value of Q. In contrast, the characteristic shape of 
the irregularity does not depend upon the value of Q at inter­
mediate and high values of the latter. That is to say, when 
it is a dip, for example, it always remains as such. On the 
other hand, at low values of Q, the step is present under almost 
all parametric conditions. Furthermore, within the ranges of 
values of the parameters that are of practical importance, the 
magnitude of the step increases substantially with decreasing 
Q (see Figure 9*3)* Therefore, since the step has a much wider 
spectral influence than the local irregularity, it can be con­
sidered to be the'most significant feature of the amplitude/ 
frequency response of a parallel resonant system at low values 
of Q.
3.11 Growth-Time and; Temporal Characteristics of the Impedance 
of a Series Resonance_________ ___________________ _
Consider the system outlined in Figure 3-22 where q, is 
the charge on the plates of the capacitor C^. The differential
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Figure 3*22 3 A
r r m
L
<2>
v = |V|sinwt
equation for the system is:
L^—^ + i45“ + = [vlsinwt
dt2 dt C1 1
# # # # # 3*115
and it can be shown that the complete solution of tliis equation 
is given by:
- J x L
L
cosCwt - cr)
J(w2 - w2)2+ 4a2w2
e j^Acos(abt) + iBsin(abt)J #. 3*116
where wq, is the resonance frequency, A and B are constants 
which depend upon the initial conditions of the system,
w
a = s2Q ■  j 4Q and tan o =
2 2 
W - Ws
2aw
At resonance, w = w , or = 0 and q —*q , so that, equation
S . 0
3*116 reduces to:
q© = ■ j-p- coswgt + e j^Acos(abt) + iBsin(abt)J • 3*117
dqo
Furthermore, the current j = dt~ * so ^at, differentiating 
equation 3*117, we get:
sinw t + ae 
r s t
-at -A £bsin(abt) + cos (abt)] 
+iB £bcos(abt) - sin(abt)]
3*118
Now. since we are interested in the growth characteristics of
the resonance, we must assume that at t = 0, q^ = 0 ando
j = 0» Insertion of these conditions into equations 3*117 and 
3*118 gives:
5*52
_ M
rw. and B = -
liii
s /rwg I 4Q - 1
in view of which equation 3*118 reduces to:
3*119
iii
r sinw t s
20
-w ts
. 2Q sinJ4Q2- 1'
j 4Q2- 1
2Q V .... 3*120
Further simplification becomes possible if we let the term
2Q/ J 4Q2- l' = 1 ; an approximation which is valid when Q ^  2. 
Therefore,
V sinw t• F5
1 - e
““V
2Q   3*121
But, |v|sinwgt = vq , and the instantaneous magnitude of the
impedance of the circuit at resonance (ZQ)^, is given by
(Z )- = v /i . Therefore, equation 3*121 becomes:' o'i o/tJo
( V i
1 - e
-w ts
2Q
[ « > 2 ] ..... 3*122
Now, the ratio of the "amplitude” of the instantaneous 
current (j )., to the theoretical steady-state current (j ),,0 1 OX;
is‘ given by:
< V i  Iv J / ( z o) i
T Oo' t TJ7F < ^ 7
3*123
and if we define the growth-time of the resonance T , as the
&
duration required fos the ratio (;L)./(i ). to become equal toL O 1 O w
-ldB, then from equations 3*122 and 3*123* we get:
T = 0.706 ~
s
[ 0  > 2 ] 3*124
where f is the frequency of the resonance in Hz, s
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3*12 Conversion of Q to Decay Time and Vice-Versa
During the course of the foregoing analyses, one of the 
parameters constantly used has been the Q of the resonance. In 
practice, there are many cases where this parameter can only be 
measured from the transient decay of the resonance. If the 
decay is measured in terms of its reverberation time T, then, - 
it can be shown that:
0 Q Q
S P _ P _ Tt m -jP -) ftp
f ” f “ f " 3 log 10 * T   3*125s p n e
where, f and f , are the resonance frequencies (in Hz) of a s p «
series and parallel resonance respectively, and fQ , is the
natural frequency of the decaying oscillation in both cases.
The suffices used with the Q*s denote.the frequencies at which
they have been measured. Throughout the foregoing analyses
the value of Q has always been taken at f for the sake ofs
analytical simplicity, although, in principle it could have 
been taken at any other frequency.
Now, although the reverberation time T, of a resonance 
is always measured at the natural frequency of the decay, equa­
tion 3*125 shows that the act. of converting T into Q need nots
involve Q or f . Therefore, from equation 3*125, n n
for series resonance 
QS = J W " 1 0  * T = 0.455fsT ..... 3.126
G
Qsor alternatively, T = 2.2 j—   3*127
s
and for parallel resonance
TCf
o _______2___
%  ~ 3 log 10 #
But, it can be shown that: Q = / Q2 - 1 ..... 3*128
P J s
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^2 \
therefore, Q = / -----r2—  . T*+ 1 = / 0.207f* T* + 1 1 .. 3.129
s 1 9 log* 10 -J p .
~i— — » 
Q s " 1or alternatively, T = 2.2  j  ##..* 3*130
P
It should be noted that in the other parts of this thesis'
Q has been written as Q, and both f and f have been denoted s s p
by f which simply refers to the frequency of the resonance, as 
defined by phase consideration, irrespective of the type of reso­
nance*
3*13 Magnitude of the Frequency Shift which Occurs Between the 
Driven and Transient-State of a Single Selective Resonant 
System______________ ___________________________ ____
This frequency shift is from the driving frequency of the 
programme material to the natural frequency of the transient 
decay which the resonance generates# Therefore, since the dri­
ving frequency of the programme varies independently of the 
parametric conditions of the system, the actual magnitude of 
the shift cannot be expressed in terms of the parameters of 
the system#
However, from a subjective point of view, the audibility 
of the pitch change depends not only upon the magnitude of the 
frequency shift, but also upon the dilution of the system#
This is because the prevailing amplitude difference at the 
point of transition between the two states determines the rela- 
time energy of the two frequencies. Therefore, one can take the 
ratio of the frequency at which the maximum value of dilution 
occurs to the frequency of the decay as a measure of the way 
in which the system affects the audibility of the pitch change# 
Accordingly, the pitch change becomes potentially more notice­
able as the magnitude of this ratio departs further away from 
unity#
How, for the in-phase and anti-phase conditions of a series 
resonant system, the maximum value of dilution occurs at reso-
3*35
nance (equation 3*47)• Therefore, it can be shown that:
f 2Q
I o V
n J 4Q - 1
3.151
where f is the frequency of the transient decay#
For the corresponding parallel resonant systems, the fre­
quencies at which the maximum values of dilution occur are given 
by equations 3#94 and 3*99? so that, from these and equations • 
3#111 and 3*131? we get:
when 0 = 0 ,
n D | max
and when 0 = %,
n D | max
4 [q J 2(1 + Mo) + Q2' - 1]
(4Q2- X)
= * [ 0 7 2 ( 1  - M 0 ) ^ Q 21 - j
(4Q2- 1)
3.132
i .. 3.133
The foregoing equations show that for the series resonant 
systems, the magnitude of the ratio only depends upon the Q of 
the resonance, whereas, for the parallel resonant systems, it 
depends upon Mq as well# The equations also indicate that the 
difference between the magnitude of the ratio and unity becomes 
larger as the value of Q decreases- In fact, it is interesting 
to point out that in equation 3.133> when Q = 3 and MQ =2, 
f|p|maX/^n = 0*89? which is approximately equal to a whole tone 
interval#
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SECTION 4
THE PRELIMINARY INVESTIGATION AND BASIC APPARATUS
4.1 Introduction
The ultimate aim of the experiment was to obtain a psycho- 
acoustical scale relating the subjective effect of a single 
resonance colouration to the objective parameters governing it*
The cause of colouration was assumed to be totally objective* 
Although the historical survey (Section 2) justifies this assump­
tion, its validity was scrutinized throughout the project*
Broadly speaking, it was decided to design a system that 
would synthesize a single resonance colouration whose parameters 
could be altered independently of one another. Programme materials 
representative of those which one normally hears would then be 
processed by the synthesizer, and the coloured programmes would 
be presented to a number of subjects for judgment. The choice of 
a suitable subjective scale to interpret the judgments, and the 
range of each objective parameter to be covered were obviously 
important. To this end, a preliminary investigation was carried 
out in order to establish the necessary range for each objective 
parameter giving rise to a subjective effect varying from ”just 
noticeable” to ”very objectionable”.
The objective parameters are four fold namely, the frequency 
of the resonance, the Q of the resonance, the dilution of the 
resonance and the phase of the resonance contribution relative 
to the “natural” signal. Furthermore, in view of the dependence 
of certain properties of hearing upon loudness, this also pre­
sents itself as another likely parameter.
The apparatus used for the preliminary investigation consisted 
of a few inductance, capacitance and resistance boxes arranged 
to form a parallel resonance suitably isolated by amplifiers.
The input of this resonant chain was paralleled with that of a 
line amplifier and fed with programme. The outputs of the two 
channels were mixed in such a way that the relative contribution 
of each could be preset, and therefore, the.whole ^ arrangement
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would synthesize a single resonance colouration, whose parameters 
could he altered with a reasonable degree of independence and 
accuracy* The subjective degree of the colouration was then 
judged mostly by the investigator in a listening room, using 
pink noise as the programme material*
4.2 The Necessary Range of Colouration Parameters
A resonance frequency range from about 60Hz to 10kHz was 
found to be adequate, and this was confirmed by the literature*. 
For example, Yamamoto (1965) used resonance frequencies of 70Hz, 
90Hz and 130Hz in an experiment concerned with low frequency 
colourations in small talk studios, using speech as the programme 
material. Gilford(1959) in a similar experiment, also using 
speech, found that the frequency range of most colouration in 
rooms lay between 100Hz and 300Hz. Kuhl (1958) concerned with 
the metallic•tonal characteristic of the reverberation plate 
found that such colourations were predominantly centred around 
1kHz. Shorter (1946) investigating the transient response of 
loudspeakers demonstrated the existence of resonances in the 
range 300Hz-6kHz. Finally, Shorter, Manson and Wigan (1959) 
found that the introduction into an otherwise broad-band audio 
system, of a low pass filter with a cut-off frequency of 12kHz 
and a very steep initial slope could only be detected by "a 
small number of critical observers11. This implies that the sub­
jective effect of any resonances present above 12kHz within an 
audio system may be ignored. Therefore, it was decided that 
the frequency range of the resonances should consist of eight 
octavely related frequencies from 63Hz to 8kHz. The range would 
then contain a resonance frequency of 125Hz which was found to 
occur most frequently in small rooms by Gilford (1959), and a 
1kHz resonance frequencjr to correspond with the region to which 
Kuhl (1958) predominantly attributed the metallic tonal charac­
teristic of the reverberation plate. Additionally, the centre 
frequencies would conform with ISO practice, and the two extreme 
values would establish the critical range in between more ->• 
accurately.
4*2
The literature was found to be less helpful in revealing 
the useful range of Q values, and the information that was 
obtained only helped in giving credence to the author’s pre­
liminary findings- For example, Yamamoto (1965) investigating 
the effect of colouration in small rooms with reverberation- 
times ranging from 0-1 seconds to 0.6 seconds observed that low 
frequency colouration was "not perceived entirely" in rooms with 
a 0.1 second reverberation-time but "perceived clearly" in rooms 
with a 0.6 second reverberation time. Therefore, he took these 
two limits as his working range, .and converted the reverberation- 
times into Q fs of the isolated normal modes whose values were in 
fact 3 and 30 approximately in the frequency range of 70-130Hz.
In another paper, by Gilford and Jones (1967), concerned with 
the subjective effect of a double decay, they superimposed a 
synthesized secondary slope onto the normal decay of the sound 
in a listening room with a reverberation-time of 0.35 second.
The decay time of the secondary slope was 1.4 seconds at frequen­
cies ranging from 125Hz to 220Hz. This corresponds to Q*s 
ranging from 80 to 140 approximately. Finally, Harwood (1969- 
'73) reports that Q ’s of 500 have been encountered in loudspeakers.
During The Preliminary Investigation, it was found that the 
lowest Q necessary was of the order of 3 with pink noise as the 
programme material. It was observed that, for a given resonance 
frequency, if Q was reduced below 6 approximately, a fixed dilu­
tion value of -26dB was sufficient to make the colouration 
inaudible. The significance of this observation will be dis­
cussed in Section 8.3-5*
At the other end of the scale, it was found that for a Q 
of 200 at 2kHz, a dilution of -2dB which corresponds to a hump 
of 14dB in the frequency response of the system (Figure 9-1) 
was sufficient to make the colouration inaudible. It was there­
fore decided that Q's ranging from 3 to 400 in doubling steps 
should provide a satisfactory range with adequate extensions at 
either end.
The information found in the literature with regard to the 
necessary range of dilution was even more scarce, and the papers 
that were found were mainly concerned with the threshold values
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of colouration# For example, Corrington (1955) concerned with 
the "correlation of transient measurements on loudspeakers with 
listening tests" concluded by writing that: "any speaker or
sound system with less than 10 or 12$ (18 to 20dB down) distor­
tion over the useful range will be comparable to the best 
available#" The paper was published in 1955, and he was referring 
to the transient distortion of speakers, so that, his ”20dB down" 
in fact corresponds to a dilution of -20dB. Incidentally, in 
Figure 5 of the same paper, he reports the existence of positive 
and zero as well as negative dilutions within the same loudspeaker# 
However, Gilford and Jones (1967), concerned with the audibility 
of the second slope of a double decay in a room said that: "a
second slope in a sound decay may be audible if the amplitude 
of excitation of the mode with which it is associated is 28dB 
or less below that of the room excitation#" Strictly speaking, 
the ratio of the two excitation levels as used by them is not 
the same thing as dilution, because the first slope that they 
employed; had a reverberation time of 0#35 seconds, namely that 
of the room# This was followed by a second slope with a rever­
beration-time of 1#4 seconds# Therefore, the two slopes had 
comparable decay times# However, dilution as a measure.of the 
relationship between the steady-state and the transient behaviour 
of a system containing resonances is the ratio of the amplitude 
of the resonance signal contribution immediately after the 
cessation of the driving frequency to that of the steady-state 
signal at the "same" frequency. In otherwords, the speed with 
which the transition from one state to the other occurs is 
solely dependent upon (in principle at least) the speed with 
which the driving frequency can be removed, and in practice the 
"duration" of the transition is negligible in comparison with 
the decay time of the resonance# But, in the case of the paper 
under discussion, this "duration" is effectively the reverberation­
time of the room whose value cannot be ignored in comparison 
with the decay time of the secondary slope# Nevertheless, the 
figure given by Gilford and Jones does give an indication of a 
threshold value for dilution#
The results in Yamamoto's paperl j (1965.)could. not be used
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to indicate useful dilution values, because for a given resonance 
frequency, the graphical relationship between Q and his dilution 
equivalent at the threshold level of colouration detectability 
differed from the relationship observed during The Preliminary 
Investigation. In fact, the final results of the present inves­
tigation also disagree with Yamamoto*s findings. However, during 
the preliminary investigation, it was not necessary to determine 
the range of dilutions definitely, because it could be established 
later with the aid of the proper colouration synthesizer.
4*3 Design of The Adjustable Resonance System
Having established the necessary ranges of frequency and 
Q of the resonances, the next step leading to the realization 
of a single resonance colouration synthesizer was to design a 
resonant circuit whose centre frequency and Q could be adjusted 
independently of each other by means of two rotary switches.
The circuit was also required to have unity overall gain at 
every resonance frequency and Q combination, so that, the dilution 
could subsequently be adjusted conveniently.
Broadly speaking, the frequency selective elements of the 
circuit could have been realized in one of two ways. Employing 
active filters was one approach, but the use of this technique 
to produce high Q resonances with adequate accuracy demanded 
excessively complicated circuits and the idea was therefore 
abandoned. The other alternative was to use an LCR resonant 
circuit and isolate it from the network. Now, in Section 3 it 
was shown that only the presence of a selective resonance (i.e., 
one that "amplifies** certain frequencies rather than rejects 
them) within a system can produce humps as well as dips 
within the overall frequency response of the system. Therefore, 
it was decided that the adjustable resonance system should ful­
fil this requirement.
To this end, if a series LCR circuit were to be used in 
its simplest form, firstly it would have to be placed in series 
with the signal path and secondly, the source and load impedances 
connected to either end of the resonant circuit must be very small
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in comparison to the series resistance in order to have minimal 
effect on the Q of the circuit. For example, a Q of 200 at 
1kHz would typically call for an inductance of 100 mH, a capa­
citance of 0.253uF and a total series resistance of 3*14 ohms.
In order to keep Q to within a -5$ tolerance limit, the output 
impedance of the source feeding the resonant circuit and the 
load across the latter must each be less than ■£■ (3*14/20) ohms 
or approximately 0.078 ohms each]
In order to overcome these engineering problems, the use 
of an operational amplifier was considered. In Figure 4*1, let 
Z1 be a simple series resonance network and a pure resistance.
-A
From the above discussion, if the output impedance of the source 
feeding the circuit is less than 3*14/20 or approximately 0*16 
ohms, then the Q of the resonance will not be altered by more 
than 5$; bearing in mind the fact that point E is a virtual 
earth. Unfortunately, the minimum load presented by this circuit 
to the source is 3*14 ohms and since the circuit would be expec­
ted to handle signals of the order of 2V rms, a power amplifier 
would also be needed to feed the circuit*
This can be avoided by using a parallel resonance network 
in place of and a pure resistance instead of Z^. The reactive 
elements would then be isolated from the rest of the system and 
the Q of the resonance would be dependent almost entirely upon 
the elements of the resonance network, proper.
Figure 4*2 shows the circuit diagram of the actual adjus­
table resonance system used. The parallel resonance network 
consisting of L, C and Rq was placed in the feedback path of 
an operational amplifier IC2. Different elements were used 
for each of the eight resonance frequencies ranging from 63Hz p  
to 8kHz which were selected by switch Sib. The reason for this
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was that high Q resonances were required, and so, it was nece­
ssary firstly, to design each inductance to have a maximum Q 
at its operating frequency# Secondly, the value of the capa­
citances had to be kept low, so that, commercially available 
high Q polystyrene types could be used, and therefore, the Q 
of the resonance could be determined solely by the LR branch# 
Furthermore, since the aim was to realize resonances varying 
from a Q of 50 at 6 5Hz to a Q of 400 at the higher frequencies, 
the inductances themselves were required to possess slightly 
higher Q's,.so. that, in the actual circuit they could be made 
to operate at the prescribed Q values# Manufacturing such 
inductances proved to be very difficult and eventually, their 
design and manufacture was handed over to a specialist firm who 
also reported difficulties in manufacture and especially in 
measuring the high Q's with accuracy#
Within each resonance network, switch S2b was used to 
adjust the Q to one of eight values from 5 to 400 in approxi­
mately doubling steps. Subsequently, the last highest value was 
not used for a variety of reasons. Firstly, it was found to be 
almost impossible to measure it accurately. For example, despite 
all precautions taken, it was found that using the highest Q at 
250Hz, (i.e., a resonance with an approximately 0.6Hz bandwidth) 
the system responded to the fifth harmonic of the mains frequency 
resulting in the generation of intermodulations by the system# 
Secondly, the presence of the aluminium casing (2 cubic feet in 
volume) which was used to house the circuit was found to reduce 
the Q of the inductances to below 400 in some cases# Finally, 
subsequent tests showed that the highest Q's were not really 
necessary from a subjective point of view#
For each resonance frequency and Q combination the parallel 
resonance network attains a different dynamic resistance (L/RnC) 
at resonance# In order to achieve the required unity overall 
gain at resonance, which also ensures circuit stability, various 
resistances R were inserted in the input path of the operational 
amplifier by means of switches Sla and S2a which were ganged to 
the frequency and Q selection switches respectively. The func­
tion of the first inverting amplifier IC1, was to provide a
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constant input impedance for the whole circuit# The input and 
output transformers and T e a c h  with turns ratios of 1:1, 
were used to achieve a balanced system as well as providing 
600 ohms input and output impedances. Finally, the reversing 
switch S3 was used so that the output of the system could be 
added in or out of phase with that of a ‘natural’ channel#
4#4 Single Resonance Colouration Synthesizer
The Adjustable Resonance System was used in conjunction with 
other active and passive circuits to realize the required single 
resonance colouration synthesizer outlined in Figure 4*3*
The input signal was fed to a unity gain high quality dis­
tribution amplifier each of whose outputs had an impedance of 
600 ohms -2$ over a 10kHz bandwidth# This order of accuracy was 
necessary in order to maintain a high degree of frequency indepen­
dent transmission characteristics at the output of the distribu­
tion amplifier# Two of its outputs were used to yield the re­
quired Coloured output while the third provided the Natural 
output# The way in which the coloured output was achieved is 
shown in Figure 4*3* Signals R and N were made to appear at the 
inputs of a hybrid mixing coil. The amplitudes of these two 
signals were determined by two high quality attenuators A and T 
respectively. The use of two attenuators was found to be nece­
ssary in order to prevent the programme clipping at any point 
along its passage through the system# The attenuator T, was set 
to a preset level, and attenuator A enabled the ratio of the 
resonance to natural signal at the. resonance frequency (i.e.,
|Hq/N|) to be adjusted as required# Since |Rq/NJ is related to 
the dilution of the system, (equations 3*6, 3*25 and 3*28), the 
attenuator A, was in fact calibrated directly in terms of 
dilution |Dq| • Finally, the amplifier G, was used firstly, to 
compensate for the attenuation introduced by T, and secondly, 
because the superimposed resonance in the coloured channel could 
alter the loudness of the programme from that of the natural 
channel, to eliminate any differences in the two loudnesses#
The significance of this requirement will be explained in
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Sections 5*7 and 6.
Summarising, with the aid of The Synthesizer outlined in 
Figure 4*3> it was possible to add a single resonance coloura­
tion onto any programme material* The phase of the resonance 
contribution relative to the natural signal could be set to 
either the "in" or "out" of phase condition by means of a single 
switch* The frequency, Q and dilution of the resonance were • 
determined independently of each other by means of three diffe­
rent switches* With the aid of this system it was therefore 
possible to make rapid subjective comparisons between different 
single resonance colourations, and assess the subjective effect 
of each colouration on an absolute or comparative basis* Hence, 
it could be used to reveal the remaining requirements for the 
investigation.
This section is conveniently concluded with the following 
specification of the Single Resonance Colouration Synthesizer*
The tolerance figures given are the outcome of measurements 
taken at intervals during the period in which the apparatus was 
used*
1) Accuracy of resonance frequencies: better than -0.65$ from
the nominal values for all Q's.
2) Accuracy of Q's whose value was less than or equal to 25:
better than -2$ at all resonance frequencies except 63Hz
and 125Hz where the figure was better than — 5$ for Q's of
25 and better than -2$ for the lower Q's. Accuracy of Q's
+ .
of 50: typically -2$ from the nominal value and better
than -5$ at all resonance frequencies except 63Hz and 125Hz 
where the tolerance figure was -10$.
Accuracy of Q ’s of 100 and 200: typically -5$, but in any
case, better than -10$ at all the relevant resonance fre­
quencies. Q's greater than 50 and 100 were not used at 63Hz 
and 125Hz respectively.
It should be pointed out that the tolerance figures given 
also include the experimental errors involved during the 
actual measurement of the Q's.
3) Accuracy of the dilutions at all resonance frequencies: 
better than -O.ldB.
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SECTION 5
THE EXPLORATORY INVESTIGATION
5*1 Introduction
During the designing stages of The Colouration Synthesizer, 
it became apparent that the subjective tests which were to be 
undertaken would be very time consuming and extremely laborious 
for the subjects. A brief study of the order of magnitude in 
question will reveal this point. The necessary ranges of fre­
quency and Q of the resonances were established in the last 
Section, so that, the use of eight different frequencies each 
at eight different Q's was shown to give reasonable coverage 
of the ranges. If eight different dilutions were to be used for 
each of the above 64 combinations, the total would be 512. Now, 
the aim was to present to a number of subjects short excerpts 
of various programme materials which had been tonally coloured 
with a known frequency, Q, dilution and phase. If one classifies 
all the programme materials normally encountered under the three 
headings of music, speech and noise and in addition one could 
find excerpts technically representative of each group,, then the 
number of presentations to each subject would be 1536. • The use 
of eight subjects would bring the number of presentations to 
12288, and if the experiment were to be repeated for the out-of- 
phase condition of the resonances, the total number of presenta­
tions would become 24576. Furthermore, if we take the average 
duration of each test presentation to be one minute and expect Cy
every one of the subjects to complete one test session consisting 
of 25 test presentations per day, then it would take about 123 
man-days•to complete the subjective tests. From previous personal 
experience and that of others, the impossibility of completion 
within the theoretical target date was apparent. The reasons 
for this are varied and depend very much on the case in question.
Those concerning the present investigation will be discussed in 
Section 6.
At the onset of the exploratory investigation it was therefore
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obvious that the subjective tests would have to be aimed at 
achieving a compromise between two time consuming requirements.
On the one hand, it was necessary to present the subjects with 
a wide variety of single resonance colourations, so that, the 
range encountered in practice could be covered. On the other 
hand, it seemed reasonable to assume that the duration of each 
test presentation (affecting the total time required for all the 
subjective tests) would have a bearing upon the accuracy of the 
subjects' judgments. Since both these requirements were very 
time consuming, a solution had to be sought.
In order to establish the optimum duration of each test 
presentation and the many other factors involved, an explora­
tory investigation was carried out in an acoustically treated 
listening room with the aid of The Colouration Synthesizer and 
the. attendance of a few subjects experienced in sound quality 
evaluations. The apparatus consisted of a tape recorder feeding 
the colouration synthesizer whose two outputs could be alter-, 
natively selected by means of mechanical two way switch. The 
output of the latter fed a power amplifier which in turn drove 
a high quality loudspeaker (Harwood and Hughes, 1967) positioned 
away from reflecting surfaces in order to reduce colourations 
due to reflections (Section 2*5)* It should be mentioned here 
that the loudspeaker type used had been initially designed with 
the specific aim of reducing its tonal colouration content on a 
subjective and empirical basis. The use of such a loudspeaker 
for the present investigation was obviously important. The 
question of remanent colourations due to the loudspeaker will be 
discussed in Section 5*5* With the aid of the apparatus described, (y 
it was possible to compare a coloured programme with its natural 
counterpart on an alternate basis.
5*2 Choice of Programme Material
The first question to resolve was the choice of programme.
At the onset, it was decided that pink noise should constitute 
one of them for the following reasons:-
1) It is technically reproducible.
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2) It has a broad-band spectrum which is subjectively time 
independent in comparison with usual programme sources.
3) It is the most critical programme material for revealing 
tonal colourations subjectively (Harwood, 1969— f73); a 
claim which the author also verified during The Exploratory 
Investigations. The results of the final subjective tests 
also confirm this statement, though with certain reserva­
tions (see Section 8.4).
4) Samples with short duration would still be totally repre- ; 
sentative of the actual programme*
Choosing samples representative of music aod speech was 
not so straightforward. For example, the audibility of certain 
single resonance colourations was found to be dependent upon 
the piece of music used and in particular upon certain passages 
within that specific musical excerpt. Third octave real time 
spectral analysis of the various pieces of music indicated that 
the audibility of a colouration of a certain frequency was 
directly related to the spectral energy content in the vicinity 
of the colouration frequency. That is to say, sufficient energy 
was needed to excite the resonance and make its presence felt 
subjectively. Furthermore, in certain cases, namely colourations 
characterized by high Q resonances, the mere availability of 
sufficient spectral energy in the vicinity of the resonance fre­
quency was not enough to reveal the presence of the resonance. 
However, whenever such momentary passages of the music containing 
sufficient energy in the neighbourhood of the resonance were 
followed by short silent durations within the music or even quiet 
passages, then the high Q resonances were subjectively detectable 
by virtue of the characteristic "ringing" they imparted to the . 
music.
The majority of musical pieces used during the preliminary 
tests consisted of excerpts taken from an archive of high quality 
tape recordings which were fairly representative of the European 
musical repertoire. The majority of the tapes were either 
recorded under reverberant conditions or with the aid of arti­
ficial reverberation units. In some cases, the original recor­
dings were made using a "multi-microphone" technique; a procedure
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that can produce tonal colourations# For instance, in the 
simplest case, if the sound from a source were to be received 
by two microphones placed at different distances from the source, 
then, a time delay will always exist between the outputs of the 
two microphones# In effect, the time delay is similar to that 
obtained when a direct sound is added to its reflection from a 
surface, or when the same programme is fed to two loudspeakers- 
placed at different distances from an observer (Section 2.1)#
However, so far as the choice of programmes was. concerned, 
it was obvious that the samples chosen should be void of colou­
rations if possible# This ruled out recordings made using a 
'multi-microphone* technique and those assisted by artificial 
reverberation units because almost all such devices are known 
to suffer from tonal colourations (Section 2#2)# Exhaustive 
listening tests revealed that a large number of the "straight" 
recordings also appeared to be coloured in some way# In addition, 
the mere presence of ambience in such recordings was found to 
suppress the audibility of an artificially added colouration# 
Therefore, it was decided that the musical samples should 
be taken only from recordings made under free field conditions 
with a single high quality microphone with the aim of minimizing 
the colouration content of the programme as well as making it 
more critical in revealing the artificial colouration that was 
to be added subsequently# At the time, only one such recording 
was available to the investigator (Burd, 1969)* It was about 
25 minutes long and consisted of classical pieces plajred by a 
chamber orchestra and a wind ensemble in a large free field room# 
The tape was tested exhaustively with the aim of finding short 
excerpts that would be most critical in revealing colourations 
of certain frequencies* A few pieces were found that almost 
satisfied the requirements at 4kHz and to some extent at 8kHz* 
Third octave real time spectral analysis of these pieces showed 
that the programmes contained intermittent energy in the two 
third octave bands centred on 4kHz and 8kHz,. although the spec­
tral energy in the latter third octave band was mainly noise.
The subjective tests carried out also verified this point in 
that colourations at 8kHz were predominantly manifest on the
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"background noise of the tape rather than its musical content* 
However, if one assumes that the degree of audibility of a 
certain colouration depends upon the spectral energy content 
of the music within the bandwidth of the resonance, then the 
subjective effect could be enhanced by increasing the energy 
content in question*
Therefore, it was decided to alter the speed of the tape - 
slightly with the aim of maximizing the energy content of the 
programme within the bandwidth of the resonance. This was 
realized by driving the capstan motor of a high quality tape 
recorder externally with the aid of a 50 watt power amplifier 
and a step-up power transformer. The amplifier was in turn fed 
from a stable decade oscillator. The speed variations never 
exceeded more than 6% and were typically of the order of 2$.
The output of The Adjustable Resonance System was also connected 
to a PPM (Peak Programme Meter) and an oscilloscope for moni­
toring purposes.
The indicators showed that maximum audibility of colouration 
occurred whenever the energy content of the music within the 
bandwidth of the resonance had been maximized. In addition, the 
excerpts that had undergone a pitch change were found to be per­
fectly acceptable from a musical point of view and since the 
technique was also found to be effective in improving the audi­
bility of the colourations, the procedure was adopted in preparing 
subsequent musical test pieces.
Although the non-reverberant music was found to be helpful 
in providing musical samples usable at the higher frequencies, 
it was not possible to find any excerpt that would satisfactorily 
excite colourations with low resonance frequencies. Varying 
the speed of the recordings did not help either. The reason 
was attributed to the lack of sufficient low frequency energy 
content within the music and this was confirmed by third octave 
real time spectral analysis. The need for another recording 
without these shortcomings was therefore apparent. In addition, 
the tests conducted up to that point had indicated that a 
musical excerpt used for revealing single resonance tonal colou­
rations should possess the following characteristics in its
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composition:
1) It should contain sufficient spectral energy in the vicinity 
of the resonance frequency of the colouration*
2) It should have an adequate number of sustained passages to
reveal low Q resonances*.
3) It should have an adequate number of pizzicato passages in
order to make the high Q resonances "ring".
4) The artistic merits of the music should not be excessively
attractive so that the subject could concentrate on asse­
ssing the tonal impairment caused by the colouration rather 
than be distracted by the attractiveness'of the musical 
content*
With this "specification” in mind, it was decided to make a 
new recording in a free field room. Lack of funds would not 
permit the use of an orchestra or a small group, and therefore, 
a piano was considered to be the best musical instrument for the 
purpose. Since the music was required to contain adequate ener­
gies at frequencies as low as 63Hz, a grand piano was used in 
a fairly large free field room shown in Photograph Number 5*1*
The pianist (see acknowledgments) was informed about the above 
requirements in addition to a few more which have not been dis­
cussed so far* He was to play short pieces between 30 and 50 
seconds in duration. The significance of this will be discussed 
in Section 5*5* The compositions were to be played in keys that 
employed the musical notes ,B' frequently. The B below middle 
C has a fundamental frequency of 246.9Hz and it is the note 
nearest in frequency to 250Hz which was one of the resonance 
frequencies used in the experiment. Bearing in mind that all 
the other resonance frequencies used were octavely related to 
250Hz, the significance of using the notes B frequently becomes 
apparent. Ultimately, the difference in frequency between the 
notes B and their nearest resonance frequency was compensated 
for by altering the speed of the actual recordings. - The pianist 
was also asked to avoid using the sustaining pedal of the instru­
ment unless it was absolutely necessary. Finally, he was required 
to compose pieces representative of musical phraseology within 
the framework already outlined.
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The recording was made with the aid of a Neumann SM69 
capacitor microphone, two very low noise variable gain micro­
phone amplifiers, two Studer. A62 tape recorders, and monitored 
on a pair of KOSS ESP9 electrostatic headphones. The position 
of the microphone (see Photograph Number 5-1) was determined 
experimentally in order to give the best tonal balance repre­
sentative of the piano.
Seventeen pieces were recorded which were later evaluated 
for general sound quality in a listening room and found to be 
satisfactory. The compositions were then subjected to the same 
procedure adopted for the orchestral pieces in order to find at 
least one piece that could be used satisfactorily at each reso­
nance frequency. Eventually, the piano music was used at 
frequencies up to 2kHz and the orchestral music was used at 4kHz 
and 8kHz. It should be pointed out that although colourations 
at 8kHz were mainly manifest on the background noise of the tape 
rather than the music, the inclusion of this resonance frequency 
over a restricted range of resonance parameters was felt justi­
fied for these reasons. Firstly, for low Q resonances, colou­
ration was detectable on the music. Secondly, a lot of programme 
materials are normally stored on magnetic tape, and when these 
tapes are being reproduced, the effect of any high frequency 
resonances present within the reproducing system would be to 
colour the tape noise; an effect which is subjectively annoying. 
This point was in fact investigated in detail during the final 
subjective tests (see Section 6.5)-
Choosing samples to represent speech was less troublesome.
The primary requirement was a piece of prose that would be rep­
resentative of the.English language from a phonetic point of 
view. The following passage has been used within the BBC Research 
Department for a very long time for such purposes:
"The different speech sound have been moulded into sentences 
such that the consonants and usual compounds occur in the vowel 
combinations which are met with very frequently in English. For 
lack of time it was not possible to get every group included, 
although, as is shown quite clearly in the figure, upwards of 
80$ are accounted for. I think nothing else need be said in
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this place on the subject."
Attempts were made, though in vain, on the part of the 
author to establish the origin of the passage# Nevertheless, 
because it is fairly representative of English as well as being 
used often in the past, it was also adopted as the standard 
spoken passage throughout the present investigation#
The next step was the choice of voices. With the exception 
of pink noise, male voice has been said (Harwood, 1969-f73) to 
be the most critical programme material in revealing tonal colou­
rations# Furthermore, it is also claimed generally within the 
BBC Research Department that it is easier to detect tonal colou­
rations if the speaker's voice is familiar to the observer# 
Therefore, with the aid of certain tape recordings which consisted 
of a number of people reading the "standard” passage in a free 
field room, the various criteria could be readily tested# The 
technique of varying the tape speed was not used on the speech 
samples during- the exploratory tests or the final subjective tests# 
It was felt that the procedure would have made the voices sound 
unnatural# However, the tests did reveal a number of points#
For colourations up to and including the 1kHz resonance frequency, 
male voice was found to be the more critical one, although certain 
voices were found to reveal specific colourations more critically#. 
From 2kHz upwards, the male voices were found to be progressively 
less effective; an observation which was objectively explained 
in terms of the lack of spectral energy in the voices at those 
frequencies. At 2kHz and above female voice was found to be 
much better than male voice in revealing colourations# Again, 
as in the case of music, tonal colourations at 8kHz were mainly 
apparent on the backgound noise rather than on the voice. One 
interesting observation was that at middle frequencies (500-1000 
Hz) where both kinds of voices have comparable spectral energy 
contents, the male voice was found to be the more critical one 
by the male observers# This could be accounted for in terras of 
the assumption that professional men normally hear the voice of 
other men at their place of work more than that of females, and 
have therefore developed a more acute sense of tonal discrimi­
nation towards the male voice# It would have been instructive
5*8
to have had a few female observers experienced in tonal quality 
evaluations in order to test the assumption but unfortunately, 
such observers were not available#
Observations made during The Exploratory Investigation con­
cerning the effect of familiarity of a voice to the observer 
were two fold# Whenever judgments were made on a relative basis, 
that is to say the coloured sound was compared with its natural 
version on an alternate basis, then familiarity of the voice did 
not seem to be an important factor in detecting the colourations# 
But, when judgments were made on an absolute basis, i#e#, when 
a comparison with the natural voice was not made, then a familiar 
voice was found to establish a frame of reference, and hence, 
make judgments easier.
It was also found that the degree of audibility of certain 
colourations, especially those characterized by high Q resonances, 
was to some extent dependent upon the intonation used on the part 
of the speaker reading The Standard Passage. This observation 
was possible by virtue of the fact that a number of recordings 
were available of the same persons reading the standard passage 
repeatedly# Attempts were made to correlate the spectral energy 
contents within the bandwidth of the high Q resonances with the 
degree of audibility of their corresponding colourations for the 
various repeated passages# Although, the indication of a direct 
correlation was apparent, the point could not be verified con­
clusively because of the difficulty in measuring the spectral 
energy contents present within the very narrow bandwidths of the 
high Q resonances which were typically of the order of a few 
hertz#
New recordings were made in a large free field room in order 
to avoid the effect of room resonances, using an AKG C12A capa­
citor microphone together with a very low noise variable gain 
microphone amplifier and a Studer A62 tape recorder# The recor­
dings were made of the few people whose voices had been found 
to be satisfactory in revealing colourations at various frequen­
cies# Each person was asked to repeat the standard passage at 
least three times in order to obtain recordings with different 
intonations* The people were asked to read the passage in their
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naturally relaxed tone of voice at a distance of about 1 meter 
on the axis of the microphone# This distance was found to give 
a good balance between high signal to noise ratio on the-one 
hand- and reduction of sibilance on the other hand.
The recordings were then tested subjectively in a listening 
room for general sound quality and naturalness of reproduction*
A female voice, which had previously been found to be very 
satisfactory in revealing high frequency colourations, appeared 
to be rather sibilant on the latest recordings# In order to 
establish the cause of the sibilance, an AB comparison test was 
carried out between her direct voice in the listening room and 
the free field recorded versions of her voice radiated by a 
loudspeaker# The female and the loudspeaker placed next to her 
were separated from the observers by a set of acoustically trans­
parent curtains designed to make the sound sources invisible*
The source of sibilance was thus attributed to the female's own 
-voice since both sources of sound were found to be eqiially sibi­
lant. by every observer# Although the two sources of sound could 
be generally differentiated, the degree of mismatch was small and 
a part of it was accounted for by the fact that the female was 
generally unable to take over with equal loudness when the loud­
speaker had stopped radiating. In addition, the two sources of 
sound were not in the same place; a point which also helped in 
their identification# Nevertheless, the cause of the sibilance 
was established and despite the fact that the phenomenon is rather 
annoying, especially in an investigation concerned with tonal 
colouration, that particular voice was subsequently used in the 
final subjective tests at the three highest resonance frequencies 
because it was the only voice that revealed the presence of high 
frequency colourations satisfactorily. A few other speech recor­
dings were also tested using the above procedure and the results 
were found to be satisfactory# The comparison tests carried out 
also revealed the degree of naturalness of the sound reproduction 
by the loudspeaker#
The recordings were then put through The Colouration Synthe­
sizer as before with the aim of finding a satisfactory recording 
which critically revealed colourations of a certain frequency.
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To this end, recordings made from two men and a woman were found 
to fulfil the requirements# One of the male voices was used at 
resonance frequencies of 63Hz, 125Hz and 250Hz, and the other 
male voice was used at 500Hz and 1kHz. The female's voice was 
used at 2kHz, 4kHz and 8kHz#
5#5 Subjective Judgment on a Relative or Absolute Basis
During the course of selecting appropriate test programmes, 
as indeed throughout The Exploratory Investigation, it was appa­
rent that subjective assessment of the degree of a certain 
colouration was very dependent upon the way in which the judgment 
was made, i.e., whether the latter was made on an absolute or 
relative basis# An absolute judgment gives rise to results that 
are more representative of the way in which the degree of a 
colouration is normally assessed. For example, when colpurations 
due to a loudspeaker or a small room are being assessed, the 
tonal.characteristics of the sound perceived have to be evaluated 
on their own merits with the aural memory and desires of the 
observer as a frame of reference# Although the sound- radiated 
by a loudspeaker can be compared with the corresponding live 
performance, such HAB" comparisons generally disregard the defects 
present in the rest of the recording or distribution apparatus 
required to drive the loudspeaker. The argument generally put 
forward by acousticians is that loudspeakers are the most impor­
tant single units generating gross colourations within a high 
quality sound reproduction or distribution system# Although this 
point of view may well be generally valid, it should be pointed 
out that microphones are potentially capable of producing colou­
rations by virtue of their physical construction#
However, subjective assessment of the degree of a single 
resonance colouration in a controlled experiment like the present 
one demands the use of a loudspeaker or a pair of headphones and 
they all suffer from irregularities in their frequency responses# 
Therefore, any subjective judgment aimed at establishing the 
degree of audibility of a single resonance colouration will 
unavoidably include the subjective effect of the colourations
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due to the loudspeaker, a shortcoming that cannot be compensated 
for if judgments are made on an absolute basis. Furthermore,
The Exploratory Investigation showed that absolute judgments 
generally required fairly long test samples, because certain 
colourations would reveal themselves only during particular momen­
tary passages of the programme. Since long test samples would 
have meant a longer period of subjective testing subsequently- 
necessary, choosing such samples was to be avoided if possible.
There were other factors directed against conducting the 
final subjective tests on an absolute judgment basis. During 
the exploratory tests, it became apparent that one of the most 
important factors determining the audibility of certain coloura­
tions was the knowlege on the part of the observer of the parti-
A u
cular region of the audio spectrin within which the colouration 
should be sought. This requirement was also necessary when the 
subject was allowed to compare the artificially coloured sound 
with its "natural” version. There were many cases when a subject 
was asked whether he could detect the presence of a particular 
colouration on an absolute or comparative basis when the colou­
ration in question was very obvious to the other occupants of 
the room. In almost every case the subject failed to do so until 
he was aided in "tuning" his ear to that particular region of the 
spectrum, and then, he would suddenly become aware of the colou­
ration and express his astonishment in the fact that he had not 
been able to notice it up to that point. This phenomenon, which 
was seemingly frequency independent, was experienced repeatedly 
by all the subjects including the author when the Q of the reso­
nances were in the range 25 to 200 using music as the test pro­
gramme. The effect was less pronounced with speech and almost 
nonexistent with pink noise. However, when these tests were 
carried out on an absolute basis it generally took a much longer 
time to "tune" the subject’s ear to the spectral region of the 
resonance. The "assisted tuning" was done by progressively 
increasing the Q of the resonance 'from an initial value of 3 
while the test programme was being played. All the subjects 
reported that comparative judgments greatly assisted them in 
establishing the spectral region of the colouration. In view
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of the above it became apparent that a "learning factor" was 
involved in the detection of a colouration and to this end, the 
final subjective tests were designed such that the subjects 
would be assisted in tuning their ears to the appropriate spec­
tral region. The actual method used will be explained in Section 
5.7.
The shortcomings resulting from an absolute judgment can - 
be overcome by making subjective assessments on a comparative or 
relative basis. For example, such a technique would mean that 
the subjective effect of the frequency response irregularities 
of the loudspeaker can be effectively eliminated, because if the 
coloured and its corresponding natural test programme are alter­
natively radiated by the same loudspeaker, then both programmes 
are equally affected by the frequency response irregularities of 
the transducer. In addition, it has already been pointed out 
that relative judgments were found to require shorter tests 
programmes to effect subjective assessment. Besides, the tech­
nique offers the subject an accurate frame of reference rather 
than rely upon his in-built frame of reference which is probably 
dependent upon his experience, aural memory, personal taste and 
other variable factors. Finally, a comparative judgment was 
found to yield more critical threshold level values for' the 
detectability of colouration. This point will be discussed in 
detail in Section 5*6. In view of the various advantages gained 
in adopting a relative judgment procedure, the method was subse­
quently incorporated in the final subjective tests.
Adoption of a comparative testing procedure involved a certain 
amount of engineering. Initially camparisons were made with the 
aid of a two way mechanical switch. During tests demanding a 
lot of concentration on the part of the subjects, the mechanical 
and electrical noises produced by the switch were found to be 
distracting, mainly because the switch was normally operated 
many times often in rapid succession during a given test which 
itself had a fairly short duration. In order to overcome the 
problem, it became necessary to design a high quality electronic 
switch details of which are given in Appendix 1.
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5.4 Method of Presentation
Each presentation pair consisting of an artificially coloured 
version together with its corresponding natural version could • 
have been presented to the subjects for the final subjective tests 
in one of two ways. The first method would have been to use The 
Colouration Synthesizer (Figure 4.3) directly. The output of the 
comparison switch would then have been made to drive the loud­
speaker and the subject would have made the required comparison 
and judgment. But, in view of the fact that over 3000 presenta­
tion pairs had to be presented to eight different subjects, and 
also the fact that they had to be presented in a pseudo-random 
fashion to obtain statistically meaningful results, the method 
would have been extremely time consuming, laborious and prone to 
possible mistakes being made by the investigator in making the. 
correct presentation. The method was obviously impractical, and 
so, it was decided that the two outputs of the colouration syn­
thesizer should be recorded on a two track tape recorder, so 
that, the recordings made could then be played back to each sub­
ject. This imposed two major requirements. Firstly, the frequency 
responses of the two tracks of the machine had to be as flat as 
possible and more importantly, they had to be as similar to each 
other as possible. The significance of the latter requirement 
becomes apparent in view of the fact that when the coloured pro­
gramme and its corresponding standard are subjected to the same 
spectral modification by the reproducing channels, then such 
changes will not effect the subjective judgments.
To this end, three Studer A62 tape machines were tested 
using two different types of high quality recording tapes avai­
lable to the investigator. One of the tapes was found to be 
rather poor on "print-through" and disregarded on that account.
The other type of recording tape, namely, BASF LR56 was found 
to be satisfactory. Using BASF LR56 with a particular one of 
the Studer A62 tape recorders running at a speed of 19cm/second, 
it was found that provided the machine was very accurately 
lined-up, the overall.frequency response of each channel could 
be maintained to within ~0.5dB from 40Hz to 10kHz. Furthermore,
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the frequency response similarity between the two track could 
also be maintained to within -0.2dB of each other over the same 
bandwidth provided the tape machine was not subjected to any 
mechanical vibration that could alter the setting of its controls. 
These performance figures could only be maintained for a given 
batch of the same tape and in fact the machine was realigned for 
every new batch of tape used. During the subsequent recordings 
of the test presentations, the performance of the machine was 
checked at least once a week.
Summarizing, each presentation pair consisting of an arti­
ficially coloured sample together with its corresponding standard 
would be recorded simultaneously on the upper and lower tracks 
of the tape respectively. A number of such presentation pairs 
would be placed on a given reel of tape which would then cons­
titute the total presentation made to each subject during a.given 
"test session".
5.5 Duration of Each Test Presentation and Test Session
Various requirements have already been pointed out in 
relation to the duration of each test presentation. The require­
ments were basically contradictory in the sense that on' the one 
hand, each presentation had to be long enough so that an accurate 
and critical subjective judgment could be made, while on the 
other hand, the duration of each presentation had to be kept as 
short as possible so that the final subjective tests could be 
completed in the time allotted. One way of solving the problem 
would have been to have reduced the duration of those presenta­
tions whose colourations were easy to judge. This procedure was 
not adopted, because it would have imposed a psychological bias 
on the subjects. It was obviously important not to give the 
subjects any apparent assistance in judging the subjective degree 
of a colouration in order to make the results of their judgments 
meaningful.
However, before a final method could be adopted certain 
facts had to be obtained, and therefore, an investigation was 
carried out in the listening room in order to answer the following
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questions. The tests were carried out with every assistance, 
previously found to be necessary, provided. That is to say., 
the subject's ears were tuned to the spectral region of the 
colouration and they made their judgments on a relative basis 
and so forth.
1) Given a certain programme material chosen in order to reveal 
critically colourations of a certain frequency, what are * 
the minimum and maximum programme durations necessary such 
that the subjects can make conclusive judgments on the sub­
jective degree of the most obvious and the "just noticeable" 
colourations respectively? The answer was found to be depen­
dent upon the type of programme used. For example, using 
pink noise, certain colourations could be detected and 
evaluated in about 10 seconds while in the case of music 
about a minute was required for the subjects to decide upon 
colourations that they thought were "just noticeable". The 
examples given in fact constituted the two extreme cases. 
Generally, with pink noise, the subjects were able to make 
their assessments in about 20 seconds although, they preferred 
a slightly longer duration so that they would not be forced
to judge hastily. With music, a minimum duration of about 
30 seconds was required even for the most gross colourations. 
The widest fluctuations in the necessary duration of the 
test programmes were those involving speech where, certain 
high Q resonance colourations characterized by "ringing" 
could be evaluated in five seconds while the more difficult 
cases could take 50 seconds.
2) The other question to be resolved was aimed at finding the 
minimum and maximum sample durations which the subjects 
found to be apparently equal under testing procedure cir­
cumstances where different programme materials would be 
presented one after the other in a pseudo-random order. The 
limits were established at approximately 30 and 50 seconds 
respectively and during the final subjective tests where 
these two limits were put to use, none of the subjects 
interviewed after the tests was found to be aware of the 
differences in the sample durations. A detailed account
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of all the test programmes finally used has been given in
Table Number 5*1*
The duration of every test session consisting of a number 
of presentation pairs was chosen in the light of a number of 
factors. Firstly, it had to be short enough so that the subjects 
would not become physically tired, and hence, would remain atten­
tive towards the task at hand. The significance of this point 
will become more apparent in Section 6.5 in view of the actual 
testing environment used. Secondly, the subjects could only 
attend test sessions shorter than 30 minutes at any given time. 
Thirdly, the learning factor discussed earlier imposed a res­
triction that each presentation tape should contain at its 
beginning a few demonstration pieces designed to "tune" the 
subject's ear to that part of the audio spectrum which contained 
the colourations present on the rest of the tape. This require­
ment favoured long test sessions so that the overall time taken 
by the demonstration pieces in relation to the actual test 
samples could be minimized. Fourthly, because of the presence 
of necessary demonstration pieces at the beginning of each tape, 
every test session had to be completed as a single entity. That 
is to say, it could not be interrupted at a point within the 
progression of the various test samples and continued at a later 
time. However, the most determining factor in the choice of an 
optimum test session duration was the interval during a normal 
working day that the subjects could and would spare for the 
subjective tests bearing in mind that the latter would extend 
for a long time. The final subjective tests carried out in fact 
took exactly one year to complete. In view of the previous 
requirements it was decided that each test session should last 
about 20 minutes, and it was found that a presentation tape 
consisting of three demonstration pairs and 25 test presentation 
pairs together with the necessary announcements and silent inter­
vals would on average be about 20 minutes long. A detailed 
account of the way in which the test tapes were made will be given 
in Section 5*7-
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5*6 Advantages of Obtaining Critical Rather than Average Results
The Exploratory Investigation also revealed a number of 
general requirements which were not conveniently classifiable 
under any of the previous headings of this Section. During the 
course of the investigation, it became apparent that the final 
method of presentation to the subjects should be so designed as 
to produce a very critical and stringent set of results for a 
variety of reasons. Firstly, it is reasonable to assume that 
"average" tonal colourations experienced in field of high quality 
audio engineering are not generally manifest to the non-specialist 
observer who usually judges on an absolute basis. The Explora­
tory Investigation verified this assumption to some extent even 
for specialist observers. A possible explanation for this could 
be the fact that tonal colouration interpreted strictly is not 
the primary factor which determines the overall tonal characte­
ristic of a programme. It is the overall frequency response of 
a system that fundamentally shapes the tonal quality. However, 
this means that subjective results obtained from non-specialist 
observers would not be valid for specialist ones, although the 
converse would at least be valid qualitatively if not in magnitude. 
In other words, results obtained from subjects who are experienced 
in sound quality evaluations would in principle represent the 
most critical set of results necessary to cover the whole popu­
lation of observers. By the same token, using specific programme 
materials, judgment on a comparative basis, and any other re­
quirement oriented towards producing a critical set of results 
would mean that the outcome of the final subjective tests would 
in principle be applicable under the most stringent operational 
circumstances. An alternative approach would have been to aim 
at obtaining results applicable only under average conditions.
This was considered to be unsatisfactory because firstly, it 
would be almost impossible to define "an average condition" for 
the various kinds of colourations that are encountered in the 
various branches of acoustical engineering. Secondly, because 
of the existence of the "learning factor" discussed in Section 
5*3> a particular colouration may well evade observation until
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it is specially pointed out to the observer after which it will 
remain continually noticeable.
During The Exploratory Investigation, the normal modes of 
the listening room used were also found to affect the audibility 
of certain colourations, notably those at the higher frequencies 
and with large Q factors. For example, small head movements on 
the part of the observer were sufficient to reveal or suppress 
certain high frequency colourations. It was therefore decided 
that a free-field room should be used as the listening environ­
ment for the final subjective tests.
5.7 Detailed Account of the Method of Preparation of The Final 
Presentation Tapes_____________________ ■ ______ __________
In view of the findings of.The Exploratory Investigation, a 
number of reels of tape recordings were made each containing three 
identical test programme. Details of the various test programmes 
used are given in Table Number 5«1* All the tapes were edited 
such that each individual test programme was immediately preceded 
by a short 3kHz tone burst to act as a marker for subsequent 
editings. Each test programme was also followed by a five-second- 
long blank leader tape,.the end of which was also marked by a 
short 3kHz tone burst which itself marked the beginning of the 
next identical test programme and so on. This method of marking, 
the significance of which will become apparent later, was used 
as a part of an overall procedure developed to speed up and to 
eliminate possible errors on the part of the.author during the 
course of recording and editing the final .test tapes. Inciden­
tally, it is worth mentioning that using tone burst markers 
with a frequency of 3kHz was found to give a readily identifiable 
pitch at the slow and variable editing tape speed normally used.
However, each test tape was to be made with the following 
requirements:
1) It would be given a number, although the latter would not 
be announced during playback.
2) Each demonstration or test pair would commence with an 
identifying announcement followed by a one second interval
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and the actual programme. The latter would then he followed 
by a five second silent interval during which the subjects 
could record their subjective evaluation of the coloured 
programme. The sequence would then be repeated for each 
individual presentation throughout the tape.
3) The 25 test presentations on any given tape would be selected 
in a pseudo-random order from a predetermined group of 
parametric combinations all having the same resonance fre­
quency and relative phase angle. In fact, the technical 
details of the recordings made on any given tape were 
written on printed forms (see Form Number 5*1) prior to the 
actual recording of the particular tape. The information
on these forms was subsequently used in connection with the 
subjects' corresponding assessments in establishing a psycho- 
acoustical scale.
4) At the beginning of each tape, three demonstration pieces
would be used whose coloured samples would be chosen with
the specific aim of revealing the spectral region of the
colourations present during the rest of the tape. In prac­
tice, the first demonstration was usually a piece of music 
containing a broad-band colouration. This was normally 
followed by speech containing a similar colouration and the 
final demonstration was always pink noise containing a some­
what narrow bandwidth colouration.
5) A number of test presentations void of any synthesized
colouration would also be included for each test programme 
material without the knowledge of the subjects. These pre­
sentations which were in fact about 5 of the total would 
subsequently help in determining the subjective effect of 
the marginal difference In the overall transmission charac­
teristics of the two channels used, and therefore enable 
one to compute the threshold level of colouration more 
accurately.
Figure 5*1 shows the apparatus that was used in the listening 
room for making the final test tapes. A detailed account of the 
procedure followed will now be given in order to outline the 
precautions which were taken against mistakes being made in the
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preparation of the tapes.
With the aid of Form Number 5*1» the test programme tape 
reel containing the first demonstration material would be placed 
on tape machine number 1. The control switches of the colouration 
synthesizer would then be set to correspond with the resonance 
parameters stipulated on the Form for that first demonstration 
piece. It should be noted that the same resonance frequency was 
employed for all the recordings made on any given test tape, so 
that, the frequency selecting switch on the colouration synthe­
sizer need only be set once at the beginning of each recording 
session. The correctness of the test programme reel originally 
placed on the first tape recorder would then be checked and the 
machine set into playback motion. Comparative subjective sub­
jective judgments would then be made with the aid of The Silent 
Switch on the relative loudnesses of the coloured and natural 
signals. Any difference existing would then be compensated for 
by adjusting the gain control of the coloured output of The 
Colouration Synthesizer. Equating the loudnesses of the two 
signals was important because subsequent judgments on the part 
of the subjects were to be made on differences in tonal quality 
and not on loudnesses. The gain control of the coloured output 
of The Colouration Synthesizer was also used at that stage to 
insure that coloured signals subsequently being recorded on the 
first track of the second tape machine would not exceed the 
signal handling capability of the latter as indicated by the 
Peak Programme Meter. The precaution was not necessary for the 
natural signals because except for the coloured output channel 
of the synthesizer, the rest of the system worked on an overall 
frequency independent unity gain principle. However, having 
made the two loudriesses equal, the tape on the first machine 
would then be wound back to its beginning and the control settings 
of the synthesizer would be rechecked. The second tape recorder 
would then be set into recording mode followed by the first 
machine in the playback mode, so that, the coloured and natural 
signals would become recorded simultaneously from the beginning 
of their first tone burst marker to the end of the marker follow­
ing the 5 second silent interval after the end of the test
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programme. The technical significance of this point is that any 
excitation of the resonance caused by the termination of the 
test programme would become recorded on the presentation tape 
being prepared, and therefore, its subjective effect would sub­
sequently be included in the subjects overall judgment. Further­
more, because the functioning of The Silent Switch did not 
affect the signals present at the recording inputs of the second 
tape machine, The Silent Switch was in fact used during indivi­
dual recordings for checking the programmes generally. Completion 
of every individual recording would then be noted immediately 
by placing an appropriate, tick' on the form.
The recording procedure outlined would then be repeated for 
each individual test presentation in accordance with Form Number
5.1. The only departure occurred whenever a not-coloured sample 
was to be recorded on both tracks of the tape. This was achieved 
by means of switch S (Figure 5*1) which would enable the natural 
programme to appear at both the recording inputs of the second 
tape machine. Each complete set of recordings obtained would 
then be labelled and left for subsequent editing. The method 
used insured that all the recordings made on a given presenta­
tion tape would be of equal loudness, because the actual test 
programme tapes were made such that all the various programme 
pieces used would give equal loudnesses on playback. Therefore, 
all the presentation tapes subsequently made would also yield 
equal loudnesses. The significance of this point will be dis­
cussed in Section 6.
Having recorded the programme contents of the presentation 
test tape, a direct copy was then made from a previously prepared 
master recording which contained the individual announcements 
to be inserted into the presentation tape. Each announcement 
was immediately preceded by a tone burst marker and followed by 
a one-second silent interval the end of which was also marked 
by another tone burst. The latter was then immediately followed 
by the next identifying announcement and so on.
By editing, each individual announcement was placed in 
front of its corresponding test or demonstration pair without 
the inclusion of any part of the tone bursts. During editing,
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the recorded sequence of the various programmes on the presen-, 
tation tape was also checked against its corresponding "Form 
Number 5*1” and each individual checking was noted by placing 
an appropriate cross-tick on the form. In this way, a reliable 
presentation tape was obtained with each of its test pairs 
suitably announced in accordance with the requirements previousl 
explained. Seventy seven such tapes were subsequently made and 
presented to the subjects for the final subjective tests.
SECTION 6
SUBJECTIVE ASPECTS OF THE INVESTIGATION
6.1 Comparison Between Different Subjective Scales of Measurement
Broadly speaking, any subjective experiment is conducted - 
either to establish the threshold level of a particular sensa­
tion, or to categorize or quantify it over a restricted subjective 
range. Clearly, the second approach could be made to include the 
first. In addition, it also establishes various subjective 
categories which are more useful in practice than a knowledge of 
the threshold value alone. Therefore, this approach was adopted 
as the basis of the subjective scale which was to be used for the 
experiment.
Before a finalized scale could be designed, there were two 
requirements that had to be resolved. Firstly, it was necessary 
to define the working range of the subjective scale, and the two 
limits imposed had to be stated in such a way as to leave as 
little ambiguity as possible arising from the interpretation of 
the words used. One end of the scale was defined by the term 
"Not Noticeable” because it defines an absolute range of subjec­
tive levels as well as satisfying the foregoing requirements.
The subjective ”position” of the other end of the scale is usually 
relative in the sense that it depends upon the desired applica­
tion of the results. The extreme case would arise if a particular 
colouration could make a programme unintelligible; a limit which 
is subjectively absolute. This is of academic interest only, 
because no such colourations have been reported in practice. 
However, since tonal colouration is usually considered within 
the framework of high quality audio engineering, the other limit 
of the subjective scale was set at ”Not Usable” within that frame 
work. Unfortunately, this leaves an unavoidable vagueness 
arising from the interpretation of the term ”high quality” as 
used by various people at different stages during the development 
of the audio engineering technology. Nevertheless, the term 
”Not Usable” was used in preference to descriptions like ”Very
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Annoying” or ”Very Objectionable”, because it describes the 
subjective effect from a practical point of view, and minimizes 
the effect of personality factors that words like annoying or 
objectionable would have introduced.
Establishing a subjective scale between the two limits could 
have been realized either in terms of words or on a numerical 
basis. Although, the former would be directly applicable in - 
practice, it suffers from the fact that words are not interpreted 
uniquely by different people, and therefore, such a scale would, 
on its own accord, introduce an indeterminant variable, and hence, 
prevent one from measuring the degree of the subjective.effect 
accurately. On the other hand, a numerical scale can in the 
first place measure the degree of the sensation more accurately. 
Secondly, it can be converted into any verbal scale fairly readily 
(see Section 6.2); a property which makes it ideal as a primary 
scale. Thirdly, it is very convenient from a mathematical point 
of view, and this point was of great value in the present investi­
gation (see Section 7). In view of these advantages, a numerical 
scale was chosen as the basic method for collecting the data, 
so that subsequently it could be interpreted in terms of any 
verbal scale.
A numerical scale can be formed in a number of ways, all of 
which may be classified under the two headings of "continuous” 
or "quantized” scales (Candland, 1968; Stephens, 1970; D*Amato, 
1970). For example, one may present the subject with a "conti­
nuous” straight line, the two ends of which are labelled in 
terms of "Not Noticeable” and "Not Usable", and then ask the 
subject to indicate his response by placing a "tick” in an appro­
priate position on that line. In other words, the subject would 
be given total freedom in the use of the line to indicate his 
response. Alternatively, in place of the straight line one 
could put a certain number of boxes, and stipulate that the 
"tick” must be placed inside one of these quantized boxes. Basi­
cally, provided the process of quantization.is fine enough, from 
a subjective point of view, the results obtained from a conti­
nuous or quantized scale are equally accurate. In practice, 
numerical scale containing more than 11 divisions are considered
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to be unnecessary (Stephens, 1970). The previous methods of
scaling have an important advantage in the sense that they
offer the subject a visual indication of the overall scale so
that he can assess individual subjective responses in relation
to the overall scale. In contrast, one could devise a numerical
scale where the subject would simply be asked to indicate his
response by giving an appropriate score within a certain overall
range. Results obtained from this type of scale are not in
general as accurate as those which offer the subject a visual
indication of the overall scale (Stephens, 1970).
n
Eventually, an eleven-point quatized visual scale was used 
in preference to a continuous scale because the former was going 
to be more manageable from an operational point of view during 
the computational stages of the results (Section 7)# Furthermore, 
an eleven-point scale was considered to be subjectively fine 
enough, especially when one considers the fact that the majority 
of verbal scales commonly used have five or six points (Section 
6*2). The way in which the quantized scale was presented to the 
subjects is shown in Form Number 6.5*
6.2 Interpretation of the Numerical Subjective Scale in Terms
of Verbal Scales _________________• ______
In practice, the subjective degree of an impairment to the 
tonal quality of a programme is almost always expressed in terms 
of various verbal scales. These scales have in general two weak­
nesses. Firstly, the terminologies used involve the personality 
factors of the observers, and therefore, prevent one from 
obtaining an accurate measure of the auditory sensation alone. 
Secondly, although . they are intended for practical applications, 
the information that they give is not that which would normally 
be sought in practice. Practical decisions are usually made by 
considering whether the subjective degree of a particular impair­
ment is acceptable for a certain application or not. Descriptions 
like objectionable, annoying or disturbing, as used by most 
verbal scales, carry insufficient practical significance, because 
they would have to be interpreted in terms of "acceptability”
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before they can be used in practice.
In order to overcome these problems, a six point verbal 
scale was devised with the aim of quantifying the various levels 
of "practical significance" in terms of the eleven-point nume­
rical scale. After the end of The Final Subjective Tests 
(Section 6.5), the author’s verbal scale and the CCIR verbal 
scale for impairments were presented, on separate forms to each- 
subject for quantification (see Form Number 6.1a and 6.1b).
At the same time, it was felt that there exists two impor­
tant levels of acceptability which usually act as one’s, basic 
guide-lines in practice. These were called "Comfortable Accep­
tability" and "Economic Acceptability", and in order to establish 
the validity of this assumption and quantify the two levels, each 
subject was presented with another form (see Form Number 6.2), 
the contents of which also explained the meaning of the proposed 
terms.
Every subject except "Number 5” basically agreed with the 
existence of the two levels of acceptability. Subjects Number 1 
and 2 had certain reservations with regards to their positive 
answers, and those concerning Subject Number 1 are quoted in Form 
Number 6.2. Subjects Number 2 and 3 qualified their answers by 
the statements which follow, and the remaining 6 subjects agreed 
unconditionally.
Subject Number 2
"I think that there are many ’levels of acceptability* for 
the purposes of estimating the numbers below. I would like to 
summarize my definitions as follows:
Comfortable Acceptability. The sound quality which a professional 
audio engineer would expect of his professional equipment.
(This includes, by implication, environmental and ’State of the 
art* factors).
Economic Acceptability. The.sound quality which a technically 
unqualified (in the audio sense) listener, seeking high-quality 
reproduction but limited to a budget of around £50 (early 1973 
prices), might be prepared to accept."
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Subject Number 3
’’Personally, ’comfortable acceptability* is the only 
acceptability for me. I cannot in ’high fidelity* accept any 
discomfort in sound stimuli.
’’Economic acceptability exists only outside high fidelity. **
A summary of the numerical results obtained for the various 
verbal scales and programme materials are given in Tables Number
6.1, 6.2 and 6.3* From the ’’Average” results given in Table 
Number 6.1 for music as the programme material, Figures 6.1a 
and 6.1b have been drawn for the author’s and the CCIR verbal 
scales respectively. In both cases, the aim has been to investi­
gate the linearity of both scales by assuming that they are 
Interval Scales from a subjective point of view (Stevens, 1951),
i.e., ones in which the subjective separation between all the 
adjacent points of the scale are equal. It can be seen that 
although both scales are approximately linear in relation to the 
11 point numerical scale, a better degree of linearity is achieved 
over most of the author’s scale. Note that the level ’’Very 
Annoying” on the CCIR scale is rated on average at 9*53, which 
is less than 10, as rated for ’’Not Usable” on the author’s scale. 
According to this, the subjective effect of a certain colouration 
can be ’’Very Annoying” but the programme concerned could still 
be usable within the framework of high fidelity (interpreted 
literally) sound reproduction. This is an example which illus­
trates the point which was made earlier in this section about 
the lack of precision involved in the practical interpretation 
of subjective terms like ’’annoying”. Graphs for pink noise and 
speech as programme sources have not been shown because they are 
almost identical to those shown in Figures 6.1a and 6.1b.
6.3 Description of Tonal Characteristics
In practice, there are many adjectives which are commonly 
used by acousticians to describe the auditory characteristics 
of programme materials. Some of these descriptions are concerned 
with tonal characteristics, and therefore, colourations may be
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considered to be their cause.
Initially, every relevant adjective found to have been used 
in the literature or obtained through private communications was 
compiled with the aim of establishing a subjectively "accurate" 
definition for every one of them in the first place, and then 
try to find their cause through objective quantification of each 
one of them within the framework of single resonance tonal colou­
rations. The following adjectives were eventually listed:
1. Bassy 2. Boomy 3. Honky
4. Hollow 5. Distant 6. Close
7. Ringing 8. Sibilant 9. Toppy
%o 
1—1 Harsh 11. Hissy 12. Shrill
13. Metallic 14. Muffled
Before the beginning of The Final Subjective Tests (Secti<
6.5) , each subject was asked to define the above terms. The
definitions given were in general rather vague and tended to be 
an indication of the corresponding cause rather than its subjec­
tive effect. For example, "Ringing" was defined by one subject 
as: "A resonance at high frequencies", while it was conceived
by another as: "Having appreciable overhang", and a third sub­
ject wrote: "A long decay at a single frequency in middle and
high frequency range. I usually associate this acoustic effect 
with a high-Q mechanical resonance." The term "Shrill" was 
defined in one case as: "An unpleasant emphasis around l-4kHz".
Another person called it: "An over-emphasis of the high-middle
and high frequencies almost to the point of painfulness." Finally, 
the adjective "Toppy" was described as: "A high frequency empha­
sis over a fairly wide frequency range say 5kHz and above.", and: 
"Excessive high frequency lift 2kHz upwards.", and: "Too much
top but not as harsh as shrill."
However, despite their vagueness which may have arisen from 
the informal approach that the investigator adopted at the time 
in obtaining the definition, every set of definitions obtained 
did have'a clear common denominator. But, in every case it was 
predominantly oriented towards indicating the cause of the par­
ticular tonal characteristic and not its corresponding auditory 
sensation. Nevertheless, the adjectives were subsequently
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presented to the subjects during The Final Subjective Tests 
with the aim of establishing their threshold levels in terms 
of the colouration parameters.
After the end of the subjective tests a second attempt was 
made in order to obtain accurate subjective definitions for the 
terms, but this time, every subject was presented with a form 
giving clear instructions (see Form Number 6.5). The results - 
which were obtained were satisfactory, and from them, the follow­
ing subjective definitions may be given. It should be noted 
that the descriptions apply to the usage of the terms during the 
course of The Final Subjective Tests (Section 6.5). Unless other­
wise stated, the following descriptions apply to broad-band pro­
gramme materials like pink noise, music and speech.
1. BASSY An auditory sensation characterized by abnormally 
loud low-pitched regions which are continually prominent, but do 
not reveal a specific pitch.
2. BOOMY A tonal characteristic which is typified by abnor­
mally loud and sustaining low pitched regions which are audible 
intermittently and have a definite pitch. The subjective effect 
of a tiled bathroom on a male voice is an example.
5. HONKY The programme is noted for its "stifled" tonal 
characteristic which is usually manifest by virtue of a distinct 
and sustaining pitch range in the vicinity of the middle octave 
of the European musical scale. The "voice of a person with a 
blocked-up noise" and "the sound of the bulb-type horn of a 
vintage car" are two example.
4. HOLLOW This adjective is used in a literal sense. In other 
words, the programmes that it describes have subjective tonal 
characteristics which are similar to those of a broad-band sound 
which has been generated inside a hollow box or down an empty 
pipe or tunnel.
5. DISTANT It is used to describe the spatial position of a 
programme relative to the observer who usually takes the expected 
position of the sound as the point of reference especially when 
the sound is an image formed by a loudspeaker. Such stimuli 
usually.have "dry" and "receding" tonal characteristics.
6. CLOSE The effect is also called "presence", and it is used
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to mean the exact opposite of DISTANT from a spatial point of 
view# However, sounds which are so described usually have an 
"intimate" and attractive tonal characteristic#
7# RINGING The term is used in a literal sense to describe 
the audibility of a foreign sound (usually within speech or music) 
which closely resembles the ringing sound of a bell# In other 
words, an almost pure and decaying tone is intermittently heard 
whose pitch can lie over a wide range#
8# SIBILANT This term is a partial onomatopoeia in the sense 
that its first syllable phonetically describes the abnormally 
emphasized sound heard on the ’S* like sounds of speech#
9# TOPPY An auditory sensation characterized by abnormally 
loud high-pitched regions which are continually prominent, but 
do not reveal a specific pitch.
10# HARSH This describes a tonal characteristic which possesses
a "grating", "rough", and to some extend distorted tonal property#. 
The effect usually occurs within the higher pitch regions of 
speech or music#
11# HISSY See Instruction number 7 on Form Number 6.4#
12# SHRILL It describes a tonal characteristic, usually of a
piece of music, which possesses a "biting" and "rough" but not 
distorted tonal property# The effect.usually occurs within the 
very high pitch regions of the programme#
13# METALLIC The adjective is used in a literal sense to des­
cribe a tonal characteristic which closely resembles the sound 
produced by striking a metallic object. The effect if not usually 
sustaining, and if it is at all present, then it occurs fairly 
frequently within the higher pitched regions of the programme#
14# MUFFLED It is used to describe a tonal characteristic,- 
usually of speech or music, which possesses a "smothered" property# 
It is very similar to the sound of a source wrapped by a blanket, 
or the sound heard by an observer with cotton wool in his ears.
The adjectives were used by every subject with the following 
exceptions# Subject Number 2 indicated that he did not use HONKY, 
DISTANT and METALLIC, and Subject Number 3 wrote likewise about 
the term CLOSE#
6#8
6.4 The Subjects
They consisted of 9 male members of the acoustics section 
of the British Broadcasting Corporation Research Department, and 
their ages varied from 22 to 52 years old* Because of their 
occupation, they all had extensive experience in sound quality 
evaluations, and in fact during the course of The Final•Subjec­
tive Tests they were all continually involved in other subjective 
tests concerned with high quality sound evaluations. The inves­
tigator did not take part in the final subjective tests because 
his involvement in the preparation of the tapes could have con- * 
ceivably biased his judgments. However, due to other commitments, 
the subjects could only be procured for one test session a day 
on average, the actual time of which could not be planned until 
that day. Therefore, at the beginning of each working day a 
provisional and flexible timetable was drawn up for that day in 
order to compensate for the additional fact .that all the subjects 
would not necessarily be able to attend their respective test 
sessions on time or even at all, because they were invariably 
called upon at short notice to do something else with an over­
riding importance.
6.5 The Final Subjective Tests
A free-field room was used as the testing environment (see 
Photograph Number 6.1), and the apparatus used for the reproduction 
of The Presentation Tapes (Section 5*7) is shown in Figure 6.2.
For reasons given in Section 5*4, the overall frequency response 
of the tape machine and the frequency response similarity of its 
two channels in playback mode were periodically checked and 
maintained to within -0.5dB and -0.2dB respectively. The axial 
amplitude/frequency response of the loudspeaker used (Harwood 
and Hughes, 1967) is given in Figure 6.5a. The measurement was 
made in a large free field room (see Photograph Number 5*1)> 
with the aid of a Bruel and Kjaer half inch capacitor microphone, 
and the input voltage to the loudspeaker was maintained to within 
-0.2dB. Other axial frequency responses of the loudspeaker were
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also obtained in the actual testing environment (see Photograph 
Number 6.1), and the traces obtained are shown in Figures 6.3b,
6.3c and 6.3d# The aim was to establish the effect of the 
presence of the subject, the chair, the floor and the other 
items within the room on the tonal characteristic of the programme 
radiated by the loudspeaker. All the measurements were taken 
with the microphone positioned slightly above and to the front 
of the observer's head which was itself in line with the axis of 
the loudspeaker# The high frequency irregularities shown in 
Figure 6#3h were mainly due to the presence of the floor between 
the loudspeaker and the observer, which was necessary for the 
safety of the subjects# The effect of the presence of the chair 
and an observer can be seen in Figures 6.3c and 6.3d respectively. 
The very low frequency drop in Figures 6.3b to 6#3d was a proxi­
mity effect due to the small size of the room. However, bearing 
in mind the fact that the subjective tests were going to be 
carried out on a relative basis, the effect of the tonal modifi­
cations introduced by the environment were nullified (see Section 
5*3)*
The rms sound presure level of the pink noise programmes at 
the point of observation was adjusted to 54dBA as measured by a 
Bruel and Kjaer Precision Sound Level Meter. The average rms 
sound presure level for music was then approximately 65dBA with 
peaks of about 77dBA. It should be remembered that all the Test 
Presentations were initially recorded to give equal loudnesses on 
reproduction (see Section 5*7). This was done so that subse­
quently selected subjective tests could be carried out at a 
different loudness levels in order to study the effect of the 
loudness of the programme upon the audibility of colourations.
At the outset of the subjective tests, the subjects were 
asked to read an instruction form which is shown in Form Number
6.4 and should be studied in relation to Photograph Number 6.1,
Form Number 6.5 and Figure 6.2. The Form also accompanied the 
subjects on all subsequent test sessions. A second form used by 
them to record their responses is shown in Form Number 6#5* The 
layout of this form was designed with.the aim of minimizing possi­
ble visual errors being made at the recording stage of the response
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by the subject placing a tick in the wrong box# The design was 
based upon the fact that the human eye usually finds it more 
difficult to traverse in the horizontal rather than the vertical 
plane (Newspapers are written in columns and not in rows)# There­
fore, in order to compensate for this weakness the form was 
visually divided into rows, to assist the eye in its traverse, 
by repeating the subjective rating numbers and making the indivi­
dual boxes rectangular in the horizontal plane# Out of approxima­
tely 930 test sessions that were subsequently conducted there 
were about six cases when a subject had in fact placed two ticks 
on the same row. Owing to a checking procedure adopted, these 
cases were noticed immediately after their corresponding test 
sessions, and if the. subjects in question could not rectify the 
mistakes with absolute certainty, then the results obtained for 
those particular sessions were disregarded and the corresponding 
tapes were presented again at later dates#
Every one of the 77 test tapes had to be presented to one 
subject at a time, because comparisons had to be made between the 
coloured and its corresponding natural sound, and the way in which 
this is carried out in practice varies from one person to another. 
However, the tapes were presented in two groups# The first con­
sisted of presentation pairs obtained from the in-phase condition 
of the resonance, and these were followed by the second group 
which consisted of the anti-phase cases# In the second group, 
only cases where K H Dol > 1 were presented# This choice was 
made in order to reduce the total duration of The Final Subjective 
Tests, bearing in mind the fact that when KJ • lDol > 1 > the 
overall shapes of the corresponding amplitude/frequency responses 
are varied, whereas, when lHol ' lDol <  1 , the corresponding
frequency responses always contain a dip in the vicinity of the 
resonance frequency (Figure 9*1)*
Within each group, the tapes were presented in a random 
order, and most of the tapes belonging to the first group were 
presented twice in order to investigate the degree of variation 
of each subject's response.
SECTION 7
TREATMENT OF THE RESULTS
7.1 Introduction
Originally, the aim was to arrive at general relationships 
of the form:
c = g ( f 0 , Q, Mo , 0)   7 .1
for each programme material; C, being the average numerical sub­
jective rating given by the subjects for a particular set of 
colouration parameters. This would have had a number of advan­
tages. Firstly, it could have been used readily under operational 
circumstances. Secondly, it could have provided graphical infor­
mation in any two of its dimensions, and finally, it would have 
been a very convenient form of presenting the results. However, 
numerical analysis of this type requires a known type of function, 
and subsequent graphical analysis indicated that a general "conic" 
equation with four independent variables could have satisfied 
this requirement. That is to say, the graphs resembled straight 
lines, parabolas, ellipses, etc. (Section 9)* Unfortunately, the 
computational aspects of such ah analysis could not be undertaken, 
and therefore, a graphical method was chosen for the treatment 
of the results.
7.2 Classification of the Results
To begin with, the forms which contained the information 
about the contents of The Presentation Tapes (Section 5.7) toge­
ther with the corresponding forms containing the subjects* responses 
were given to a computing-unit (see Acknowledgments) in order to 
have the results classified in a convenient form (see Section 10). 
In addition, the computer was programmed to calculate the arith­
metic mean of the subjects1 numerical ratings and the corresponding 
Standard Deviation for every set of the colouration parameters. 
These quantities are also given in Section 10.
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Random checks were then carried out on the classified 
results in order to verify their correctness, and during the 
subsequent analysis, whenever a suspect result was encountered 
the original forms were used to examine its validity#
7# 3 Definition of Terms Regarding the Numerical Ratings
During the following analysis, the terms '’Average Subjec­
tive Rating” denoted by ASR and ’’The Subjective Rating” are used 
to mean different things. The former is used to imply the arith­
metic mean of all the subjects’ numerical ratings for a particular 
case, so that, the figure in question usually carries decimal 
points# . The latter, on the other hand, is always a whole number 
and it is used to signify the numerically rounded-off ’’Average 
Subjective Rating”# For example, a subjective rating of 3 refers 
to:
2.5 ^  Average Subjective Rating 3*5
Adoption of this procedure was necessary for the purposes of the 
analysis, and the errors hence introduced are small, and therefore, 
they may be ignored (Section 7.6).
7#4 Evidence Supporting the Existence of Subjectively Generated 
Colourations________________________________________________
So far as the actual analysis is concerned, the first general 
point to be established should be the psycho-acoustical causes 
of colourations. That is to say, the historical assumption that 
colouration is generated only by objective mechanisms should be 
examined. To this end, for each programme material, the average 
subjective ratings given for the various ”Not-coloured” test 
samples were plotted against the ’’frequency” of the corresponding 
’’colourations”. These are shown in Figures 7#1 and 7.2, where 
the broken lines represent the maximum variations of the average 
subjective ratings at each frequency, and the solid lines are 
the arithmetic mean of the broken lines. The small dots, encir­
cled dots, and large dots represent one, two and three data points
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respectively for each corresponding point on the graphs. Firstly, 
it can be seen that the ratings in general are greater than zero,
i.e., the subjects noticed a tonal difference between the '’Not 
Coloured” samples and their corresponding ’’Natural” samples. 
Secondly, the average subjective ratings, especially in the case 
of pink noise and music, increase with frequency. Now, had these 
graphs been straight lines parallel to the frequency axis, one 
could have attributed the residual non-zero ASR1s to the imper­
fections arising from the frequency response fluctuations of the 
recording and reproducing apparatus which were evenly distributed 
throughout the spectrum approximately. But, as they stand, the 
indications are that subjectively generated colourations do exist, 
because the increase in the value of ASR with frequency does not 
seem to be explainable in any other terms. This point will be 
discussed later. For the moment, it should be remembered that 
during the Final Subjective Tests the subjects were required to 
’’tune” their ears to the particular region of the spectrum which 
contained the objectively generated colourations, and that they 
were not aware of the presence of the ’’Not Coloured” samples. 
Therefore, these subjective colourations may only be generated 
under forced conditions, i.e., when one is deliberately trying 
to notice colourations. Nevertheless, this does not alter the 
essential implication of Figures 7*1 and 7-2 in that subjectively 
generated colourations seem to exist.
Consider these results from a qualitative viewpoint. In 
the case of pink noise (Figure 7.1), if we take the solid curve 
and ignore its local irregularities, then the degree of audibility 
of the subjective colouration, as measured by ASR, increases 
with ’’resonance frequency”. But, the spectral power density of 
pink noise decreases with increasing frequency. Therefore, the 
degree of audibility of a subjective colouration is inversely 
proportional to the spectral power density of the programme.
Of course, this assumes the presence of a broad-band auditory 
stimulus to be necessary for the perception of subjective colou­
rations. In general, the previous implication can be seen to 
have been upheld for music (Figure 7-2b) but not for speech in 
which case the opposite condition seems to prevail, i.e., the
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most ’’noticeable” colourations occur at frequencies where the 
spectral power density of the programme is maximized.
It must be pointed out that these results also include the 
effect of the local frequency response deviations between the 
two recording and reproducing channels. Nevertheless, since, 
these deviations were distributed randomly throughout the band­
width of the apparatus, one would expect their subjective effect 
to be frequency independent from a statistical point of view, so 
that, generally speaking, the previous discussion should still 
be valid. Clearly, for the present results, the subjective effect 
of the technical imperfections cannot be separated from those of 
the subjective colourations. Besides, the matter is far from 
clear even at a qualitative level, and therefore, further inves­
tigation is required. However, for the moment, it is also inte­
resting to point out that for every type of programme material 
the ASR’s in Figures 7.1 and 7.2 go through a minimum at 1kHz; 
a frequency which would have been very familiar to the subjects 
because they would have used it frequently as a test signal during
the course of their profession.
/
The foregoing results have an important practical application 
in the sense that they enable one to determine the threshold 
levels of objective colourations at various frequencies. To this 
end, the procedure adopted will now be explained.
7.5 Determination of |Dq| Versus Q Relationships at the Threshold
Level___________ _____________________________ ________________
Consider the results for pink noise as an example. In Figure
7.1, one can either take the solid curve or the upper broken 
curve as the threshold level for objective colourations. The 
solid curve represents the average of the average of the various 
data points at any given frequency, and therefore, it would at 
first seem to be the right choice. However, every point on that 
graph is itself the average of a number of responses given by 
the subjects, so that, the solid curve has undergone two averaging 
processes. But, the average subjective rating given for a par­
ticular objective colouration would have undergone only a single
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averaging processes, and therefore, from a statistical point 
of view, such a point would only be compatable with the indivi­
dual points on the graph in Figure 7#1. In other words, using 
the solid curve would result in over-critical threshold levels#
In order to avoid this, the upper broken curve was used as the 
threshold level of objectively generated colourations. For 
example, at 4kHz the corresponding ASR is approximately 2.6. 
Therefore, using The Basic Results (Section 10), all pink noise 
results having a common resonance frequency of 4kHz and an ASR 
of less than or equal to 2.6 were extracted and plotted on a 
graph whose axes were labelled in terms of the dilution |Dq| , 
and the Q of the resonances# In this way, the relationship 
between |Dq| and Q at the threshold level of objective coloura­
tion was determined for the various resonance frequencies#
Families of such curves for the different programme materials can 
be seen in Section 9.
7.6 Determination of Parametric Relationships at, other Subjective 
Levels ____________ ______________ _____________________________
The relationships between dilution and Q for the other sub­
jective ratings were determined in a slightly different way#
To begin with, data points having common resonance frequencies 
were used to plot graphs of the type shown in Figure 7*3 which 
is for music at a resonance frequency of 500Hz. The numbers 
printed at each graphical point are the corresponding subjective 
ratings# Apart from analytical advantages, such graphs also 
served as an additional check on the validity of The Basic Results 
in the sense that one could inspect in order to ensure that only 
those points which corresponded to the originally presented test 
samples appeared on each graph, and that erroneous results such 
as duplication of any particular data point did not appear#
The analytical method used will be illustrated with the 
aid of an example# Consider points whose subjective rating is 
5# These have been replotted in Figure 7#4 with the aid of the 
crosses (viz: x), and there are four such points for the positive 
dilutions and 2 for the negative dilutions# Clearly, these points
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on their own would be insufficient for drawing reliable graphs, 
and so, extra information must be sought. To this end, consider 
Figure 7*3 and examine, for example, the relationship between 
the subjective ratings along the line |dJ ■ = +4dB. It can be 
seen that the subjective ratings progressively increase on either 
side of the point Q = 12, where the subjective rating is unity. 
Now, from Q = 1 2  to Q =50, the relationship between subjective 
rating and Q is linear, but for Q*s greater than 50 a different 
relationship prevails; a situation which also exists for Q*s 
less than 12* Clearly, so far as that particular line is con­
cerned, apart from the point Q = 25 where the rating is a
second point having the same rating also exists between the two 
points Q = 3 and Q = 6. Now, in order to find the exact location 
of that point, one has to know the mathematical relationship that 
exists between subjective rating and Q along that line. In addi­
tion, similar relationships would have to be obtained for a 
large number of other direction in Figure 7*3 and the many other 
similar figures. This complexity can be overcome by examining 
the numerical spread of ratings between subjects or the "error” 
associated with the subjective ratings. For example, the point 
( |dq| = +4dB, Q = 3) > which has a subjective rating of 4, was 
rated by individual subjects as: 4, 2, 8, 5, 3, 1, 10 and 4
with an average of 4*38 and a standard deviation of 3*07. Simi­
larly the point ( |d J = +4dB, Q = 6) was rated as: 3, 4, 2,
0, 1, 3f and 1 with an average of 1.88 and a standard deviation 
of 1.56. An inspection of The Basic Results (Section 10) will 
show that similar ”errors” are also associated with the other 
data points. Therefore, in view of this, it is feasible to 
permit a reasonable degree of mathematical approximation. For 
example, the relationship between subjective rating and Q along 
the line joining any two adjacent data points can be assumed to 
be linear provided the information hence extracted is used cau­
tiously. The guide lines which were in fact adopted were as 
follows:
1) When the difference between any two adjacent ratings was 
2 or 5» the information extracted was considered to be a 
first order approximation. Such points have been signified
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by the dots, (viz.: •), in Figure 7*4.
2. In the same Figure, the small circles (viz.: o), signify
equivalent points arising from rating differences of 4 or 
5# These were considered to be second order.approximations#
5# The bars (viz.: 1 o r — ) were used whenever the difference
was greater than or when one of the two subjective
ratings was zero because this does not specify a subjective 
level but merely signifies the subjective region. The bars 
were used only when information could not be obtained through 
first or second order approximations.
Using the above procedure, a substantial number, of data 
points, each having a particular level of significance or weigh­
ting factor, were extracted, and hence, the graphs shown in 
Figure 7-4 could be drawn. The broken-line part of the graph 
is an extrapolation since test samples with Q*s less than 3 were 
not originally presented. The arrows indicate areas where the 
subjective ratings are less than the specified value. It can 
be seen that despite the nature of the experiment, and hence, 
the errors which have been discussed, the spread of the points 
about the ’’best-fit11 lines is surprisingly small. This was also 
true for a large number of the other similar graphs which were 
drawn, and Figure 7*4 is not just an exemplified exception.
So far as publication of these types of graphs was concerned, 
a decision had to be made in order to reduce the numbers involved. 
To this end, only those having subjective ratings which were 
considered to be of practical importance have been published in 
’’family form” in Section 9* The ratings in question are (see 
Section 6, Tables Number 6.1, 6.2 and 6.3):
Description
a. Just Noticeable
b. Comfortable Acceptability
c. Economic Acceptability
d. Barely Acceptable
Subjective Rating
1
5
5
7
7*7
7*7 Incompatibility of Subjective Levels Arising From the Use
of Two Different Analytical Procedures___________________
The difference between the two analytical method which have 
been outlined in Sections 7*5 and 7*6 implied that the "Threshold” 
graphs and those for the other subjective levels do not refer to 
precisely the same cause of colouration. In this respect, it will 
be remembered that although the analytical procedure which was 
adopted in order to establish the "Threshold” curves (Section 7.5) 
compensated for the effect of subjectively generated colourations 
and the imperfections of the apparatus, the method used for the 
other subjective levels (Section 7.6) did not account for these 
factors. Because of this, the descriptions and the corresponding 
subjective ratings of the other subjective levels do not apply 
solely to objectively generated colourations. Therefore, in 
principle, the "Threshold” graphs are not compatible with those 
of the remaining subjective levels of the same programme material 
group. This can be considered to be a kind of error whose mag­
nitude decreases as the subjective level becomes further apart 
from Threshold- Hence, the greatest magnitude of this "error” 
will occur at that level which is adjacent to "Threshold”, i.e., 
the "Just Noticeable” level. An example will now be given in 
order to illustrate the magnitude and implication of this error 
or incompatibility for the "Just Noticeable” levels. From Figure
7.1 and the reasoning given in Section 7.5, one can infer that 
the average subjective rating at the threshold level of objec­
tively generated colourations for pink noise at 1kHz is 1.9 
approximately. This means that all data points whose average 
ratings are less than this figure are below the threshold level.
On the other hand, the "Just Noticeable” level has a rounded-off 
rating of unity which means that all data points whose average 
subjective ratings are equal to or greater than 1.5 (Section 7.3) 
are noticeable. Therefore, data points whose average ratings 
are less than 1.9 hut greater than 1.5 should be below the thre­
shold level, and hence, not-noticeable but above the "Just Notice­
able" level, and hence, noticeable.. A comparison between Figures 
9*4 and 9*5 will illustrate the effect of this incompatibility
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for the given and a number of other examples. Note that, in 
general, the ’’Just Noticeable” curves are more critical than 
their correspondong ’’Threshold” curves; a condition which cannot 
be valid. Because of this, the ’’Just Noticeable” graphs, namely, 
Figures 9*5, 9*10 and 9*15 should not be used for practical pur­
poses. These graphs have been included mainly for general 
interest. ' ■ .
Clearly, the above mentioned lack of compatibility also 
applies to the ’’Comfortable Acceptability”, ’’Economic Acceptabi­
lity” and ’’Barely Acceptable” graphs. However, in these cases, 
the ’’error” hence introduced will be masked by the general experi­
mental errors which result from the wide spread of the subjects’
s
responses (Section 7*6). Therefore, these subjective levelA can 
be considered to apply solely to objectively generated colourations 
approximately.
In principle, the foregoing lack of compatibility could have 
been overcome by a suitable analytical procedure which compensated 
for the effect of the subjectively generated colourations and the 
imperfections of the apparatus. However, the computational aspects 
of such a procedure would have been very time consuming. Further­
more, since this incompatibility only applies, to any substantial 
degree, to the ’’Just Noticeable” curves, and in the presence of 
the "Threshold” graphs the former would be of little practical 
interest, the above mentioned compensatory procedure was not 
implemented.
7<8 Determination of Threshold Levels for Adjectival Descriptions
This sub-section is concerned with establishing the relation­
ships which exist between the objective parameters at the thre­
shold levels of application of the various adjectives which were 
used by the subjects in order to describe the tonal characteristics 
of the coloured programmes.
These judgments were carried out by the subjects on an 
absolute basis (Section 6, Form Number 6.4, item 6). That is to 
say, they were not required to describe the tonal characteristics 
of the coloured samples in relation to those of their corresponding
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natural versions; a requirement which they were instructed to 
observe for the subjective ratings. Therefore, assuming that 
the original instructions could have been fully observed by the 
subjects, the outcome of the results for the various "comments” 
should be applicable to absolute judgments carried out under 
operational conditions.
Analysis of these results requires the knowledge of a level 
of significance associated with the number of positive responses 
given by the subjects (in percentage terms) for any particular 
adjective. . Usually, threshold levels of this type are either 
taken at a 50$ or 75$ level of positive responses. Application 
of these figures to the present case would have tended to produce 
threshold levels lacking in adequate criticality, because the 
subjects were asked to use only one adjective for any given case, 
and as it will become evident later, certain colourations have 
been described in terms of a number of adjectives by different 
subjects. This restriction was initially imposed in order to 
find the most dominant tonal description for any particular 
colouration.
Therefore, so far as threshold level determinations were 
concerned, data points whose positive response frequencies were 
greater than or equal to 25$ were considered to be significant. 
The main reason for this choice was that any response given by 
only one of the eight subjects could be ignored. Using this 
25$ level of significance, the graphs which can be found in Sec­
tion/9 were drawn. :
7.9 Relationship Between Average Subjective Rating and Response
Frequency of Adjectival Descriptions._______________________
The term "response frequency" denoted by RF, is the ratio 
(in percentage terms) of the total number of times a particular 
adjective has been used for a given colouration to the total 
number of times the latter was presented to the subjects. The 
aim is to establish the relationship which exists between RF 
and average subjective rating ASR, for different adjectives. To 
this end, the results for three of the comments were chosen
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because they had a substantial number of response frequencies 
which were greater than 50$ and 75$- The programme material in 
every case was speech, and the results can be seen in Figures
7-5 and 7-6. Each data point on these graphs signifies at least 
one colouration, and a few of the points represent a number of 
different colourations.
It can be seen that, in every case, a straight line separates 
the positive-response and the no-response regions of the graph. 
Now, let us ignore the effect of subjective colourations and 
technical imperfections of the apparatus (Section 7-4) upon the 
average subjective ratings, so that, the lines can be extrapolated 
in order to go through the origins of the graphs. In view of 
this approximation, the requirement becomes implicit, because when 
RF is zero, there must exist at least one test sample, namely a 
"Not Coloured" one, whose ASR is also zero. On the other hand, 
when RF is greater than zero, it means that the colourations in 
question must have been tonally characterized by some people, 
i.e., a colouration had been noticed, and therefore, the corres­
ponding ASR’s must also be greater than zero- Furthermore, the 
graphs imply that points having low RF’s but high ASR’s can also 
exist . This means that such colourations would have been des­
cribed in terms of other adjectives as well. Evidence for this 
multiplicity of descriptions given for the same colouration can 
be found in Section 9 by comparing the graphs for the different 
comments.
At the other end of the graphs in Figures 7-5 and 7-6, i.e., 
for high response frequencies, the corresponding ranges of appli­
cable rating^afa reduced and these ratings have high numerical 
values. If we assume that RF is directly proportional to the 
"subjective magnitude" of the comment in question, then it follows 
that a test sample characterized by pronounced "ringing"1 for 
example, and hence noticed by most people, would also have been 
given a high ASR; a conclusion which is reasonable. However, 
when RF is 100$ for example, it does not follow that the ASR 
should necessarily be 10, because RF is not an absolute measure 
of the subjective magnitude of the comment in question. This 
is illustrated in Figure 7*5> where for an RF of 100$, the
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corresponding ratings can vary from approximately 8 upwards.
Note that these points would not have been described in terms of 
any other comment, because the subjects were asked to use only 
one adjective for each case (Section 6, Form Number 6.4, item 6).
The converse of the previous argument requires a certain 
degree of caution. Consider the line ASR = 10 in Figure 7-6b.
One could have stipulated that the graph should not have inter­
sected that line below the point RF = 100$. This would have 
implied that a particular colouration existed whose tonal charac­
teristic had been perceived and described identically by all the 
subjects as "boomy", and that it had been given a rating of 10 
by all of them on that account. Now, "Similarity" Of tonal per­
ception by different people is a definition of "normal" hearing, 
and therefore, it is a basic and necessary assumption. But, 
there is no reason to suppose that different people's description 
of the same tonality should also be identical. In fact, the 
results of the present investigation show that in cases where 
most of the subjects described the tonal characteristic a parti­
cular colouration as "boomy", some of them called it "ringing" 
(Section 9).
The alternative case, i.e., the one which has been adopted 
in Figure 7-6b, clearly implies the converse of the previous 
argument. In other words, multiple descriptions given for the 
same tonal characteristic are possible.
From Figures 7.5 and 7.6, it is also clear that for points 
lying in the vicinity of the lines, the relationships which exist 
between RF and ASR are linear. Furthermore, the fact that in 
every case a straight line divides the two sections of the graph 
suggests something significant. But, apart from the information 
which these lines give about the above mentioned relationships, 
nothing else seems to be manifest. However, the most significant 
fact which does emerge from Figures 7.5 and 7.6 is that the slopes 
of these lines give a measure of the relative order of noticea- 
bility of the various comments within the range of colouration 
parameters that have been investigated.
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SECTION 8
DISCUSSION AND CONCLUSIONS
8.1 Introduction
Certain aspects of the results have already been discussed 
in Sections 7.4 and 7-8. This order of presentation was nece­
ssary in order to clarify the analytical procedure.
This Section will be devoted to a general discussion of 
the results with the aim of formulating a theory (whenever 
applicable) on the one hand, and conclusions of practical value 
on the other hand. The results will be dealt with in two parts. 
The first part will consist of those which are concerned with 
the various subjective ratings, i.e., Figures 9*4 to 9*18* It 
is this section of the results that requires theoretical expla­
nations. The remaining part of the discussion will be about- 
the threshold level curves which have been obtained for the 
various "comments”, i.e., Figures 9*19 to 9-47- Clearly, one 
cannot propose theories in order to explain the shapes of 
these graphs, because the comments are in themselves subjective 
descriptions, based upon naturally occurring sounds, for the 
various tonal characteristics.
8.2 The Concept of Spectral Mark-to-Space Ratio
Before discussing the proposed theory, it will be nece­
ssary to define a certain parameter which plays an important 
role in the formulation of the theory. In general, every 
programme material consists of a series of randomly alter­
nating energised and relatively silent passages. If we assume 
that there exists a statistical mean for the rate of these 
alternations, then the energy content of the programme can be 
considered to have a certain overall "mark-to-space ratio”.. 
Furthermore, since this energy content is spread throughout 
the audio spectrum, then "spectral mark-to-space ratio” also 
becomes a realizable objective parameter for any programme
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material. In this respect, it is implied that "spectral- 
mark-to-space ratio” can be considered a_t a particular fre­
quency on an analogous basis with spectral power density.
For normal programmes, it is reasonable to assume that 
this ratio is always finite throughout the audio spectrum, but 
its magnitude varies significantly for different types of 
programme materials. Hopefully, it should become evident in . 
due course that, so far as tonal colouration is concerned, it 
is this ratio which differentiates one programme material from 
another.
8.3 Proposed Theory for Explaining the Subjective Rating
Results Shown in Figures 9*4 to 9*18________________
8*3*1 General
Basically, the aim of the present discussion is to explain 
the overall shape of the experimentally obtained dilution |Dq| , 
versus Q curve for every resonance frequency, phase condition, 
programme material and subjective level combination. To this 
end, a single series resonant system will be considered first, 
because it is the simplest case.
The general line of argument which will be pursued is as 
follows- To begin with, we assume that the system produces a 
number of basic colourations which are potentially noticeable, 
and that every one of them yields its own |Dq| versus Q curve.
V/e then determine the cause of each basic colouration, and 
hence, establish the shape of its |Dq| versus Q curve* This 
will be followed by an examination of the influence of the 
spectral mark-to-space ratio of the programme upon the shape 
of each basic |dJ versus Q curve. As a result, we will obtain 
an "overall” |dJ versus Q curve which will represent the 
cumulative effect of all the basic curves.
These curves have been shown in Figure 8.1 for the in- 
phase and anti-phase conditions, i.e., for negative and positive 
dilutions (in dB). It should be pointed out that, in most 
cases, these two phase conditions will be considered separately.
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It now remains to discuss the foregoing layout in detail.
8-3-2 The Basic Cause of the Driven-State Colourations of a 
Single Series Resonant System_________________________
Let us begin with the driven-state colourations. It is 
assumed that these colourations are caused by the humps and dips 
which exist in the overall amplitude/frequency response of the 
system, and that local irregularities which exist in the ove­
rall phase/frequency response of the system do not have a 
significant influence. It will become clear in due course 
that this assumption is valid. Now, since these humps and 
dips change the relative loudnesses of the spectral contents 
of the programme, it follows that, for driven-state colourations, 
loudness difference has been assumed to be the only significant 
factor which is subjectively detectable.
For negative dilutions, the amplitude/frequency response 
of the system is given by (equation 3.51):
I 2 2 i \
/ H + Q a
|H|= / - ? — TT-_ ^ c c.
1 + Q <r
when Q = 0, | H | = |Hq 
an amplitude gain of
This means that, although there is 
Hq| , the overall frequency response of 
the system is flat, i.e., no driven-state colourations. But, 
during an A-B comparison, one compares the coloured output 
| C|, with the natural signal |n|, where | c |  = |h|.|n|. There­
fore, when Q = 0, one simply notices an overall loudness 
difference between the two versions of the programme, and the 
loudness difference disappears when the magnitude of |Hq| lies 
below a certain threshold level. Bearing in mind the fact 
that |Hq| and |Dq| are related (Figure 9-1) > this threshold 
value has been graphically represented in Figure 8.1 at the 
intersection of the "driven-state" curve with the |dJ axis.
Now, as the Q of the resonance increases, the overall 
loudness of the coloured programme decreases, because the 
total power output of the system decreases. Therefore, |Hq|
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must increase in order to maintain the same overall spectral 
power difference that existed between the two versions of the 
programme at Q = 0. But, as |Hq| increases, |Dq| becomes 
less negative (Figure 9*1), so that, in Figure 8.1 as Q increa­
ses, |Dj must also become less negative*
As the Q of the resonance is further increased, its band­
width progressively decreases, so that, the loudness difference 
becomes confined to smaller regions of the spectrum. The 
question which arises is: where does one differentiate overall
loudness differences from the localized variety? Or to be more 
specific: what value of the bandwidth of the hump or dip
determines the onset of driven-state colouration proper?
In order to answer this question, a brief review of the 
Critical Bandwidth concept of the ear becomes necessary (e.g., 
Schar.f, 1970). In essence, it maintains that if the total 
spectral power of a sound (white noise to be precise) is kept 
constant while its bandwidth is progressively decreased, then 
up to a certain Critical Bandwidth CB, the loudness decreases, 
whereas, beyond that point it remains constant. Clearly, this 
implies that although the loudness remains constant, the sound 
gradually attains a distinct pitch. The magnitude of the CB, 
is approximately one third of an octave over most of the audio 
spectrum, and in relation to the bandwidth of a series resonance, 
one third of an octave corresponds to a Q of 4*3 approximately.
There are certain aspects of hearing which appear to be 
related to the critical bandwidth function of the ear. For 
example, the curve relating the pitch of a pure tone, measured 
in mels, to its frequency (Stevens and Volkmann, 1940) is very 
similar to the one relating the width of the CB’s to the centre 
frequency of the bands over most of the audio spectrum; a pitch 
interval of about 100 mels corresponding to one CB approxima­
tely. Furthermore, the curve relating the differential pitch 
sensitivity or frequency discrimination of the ear to the fre­
quency of. the reference tone (Shower and Biddulph, 1931) also 
bears the same similarity. In this case the width of each 
CB at a given frequency is equal to the corresponding JND 
(Just Noticeable Difference) for frequency discrimination
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multiplied by a constant factor throughout the audio spectrum 
(Licklider, 1951)*
The foregoing similarities suggest that the auditory 
mechanism which governs the perception of driven-state colou­
ration is probably the same as the one which controls the CB 
function and pitch perception. This is because, tonal colou­
ration is essentially a crude form of pitch perception within 
the overall spectrum of the programme. Therefore, it is rea­
sonable to suggest that driven-state colouration occurs when 
the bandwidth of the hump or dip is approximately equal to or 
smaller than the CB of the ear at the frequency of the reso­
nance.
Now, every bandwidth of the natural programme which co­
incides with one CB of the ear has a certain time dependent 
spectral power which will be denoted by P . Furthermore, it
is reasonable to assume that P has a certain differentialn
threshold level - A p * so that, energy changes which occur 
within this limit are not subjectively detectable. Therefore, 
it follows that provided the spectral power change which a hump 
or dip produces in the relevant CB is within - A p n , then the 
corresponding driven-state colouration will not be noticeable.
In view of this, the foregoing discussion may be summa­
rised by stating that the basic cause of driven-state colou­
ration is the excessive alteration of those spectral energy 
contents of the natural programme which lie within one critical- 
bandwidth of the ear centred upon the frequency of the resonance.
8.3.3 The Shape of the Basic |Dq| versus Q Curves for Humps 
and Dips_______________________________________ ______
The magnitude of the spectral power modification caused 
by the resonance depends upon the objective parameters of the 
system and the spectral energy contents of the programme. 
Therefore, in order to establish the mathematical relationship 
which exists between these factors, one must be able to define 
the spectral energy contents of the programme mathematically.
Out of the three t^ rpes of programmes which have been used, this
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can only be done for pink noise, and hence, the mathematical 
derivation will be carried out later on in Section 8.4.1. 
However, for the moment, we are only interested in qualitative 
relationships, and so, it may be said that the spectral energy 
change caused by the presence of the resonance is directly 
proportional to the product of the spectral power density func­
tion of the coloured programme and the bandwidth of the hump, or 
dip. Since power is proportional to the square of the ampli­
tude, it follows that the spectral power density function is 
proportional to the square of the amplitude/frequency response 
deviation of the system at resonance, i.e., |hJ 2* Therefore,
the magnitude of the permissible energy change is proportional 
to |hJ 2 divided by the Q of the resonance, because at a given 
frequency, Q is inversely proportional to the bandwidth of the 
deviation. Clearly, this means that as the Q of the resonance 
increases, |hJ can also increase. But, for the in-phase con­
dition of the resonance, as |hJ increases, the dilution |Dq|. , 
becomes less negative (Figure 9-1)* Therefore, in this case 
as Q increases the dilution becomes less negative. This • 
explains the overall shape of the "driven-state" curve for 
negative dilutions in Figure 8.1.
The foregoing argument also applies to positive dilutions 
where the frequency response of the system can either be flat 
or have a hump or a dip depending upon the value of lDol (equa­
tion 3-57 and Figure 9*1)* When |dJ = 6dB, the system will 
have a flat amplitude/frequency response, and hence, there 
will not be any steady-state colourations irrespective of the 
value of Q. .When |Dq| is greater or less than 6dB, the system's 
frequency response will have a "dip" or a "hump" respectively, 
and therefore, there will be two different types of driven- 
state colourations each having its own threshold curve as 
shown in Figure 8.1. Now, in view of the foregoing energy 
argument, the resonance adds or subtracts energy in the "hump" 
or "dip" cases respectively, so that, as the Q of the resonance 
increases, the actual magnitude of the hump or dip can also 
increase.. But, an increase in the magnitude of the hump or 
dip corresponds to a decrease or an increase in the value of
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the dilution relative to |d J = 6dB (Figure 9*1)* In view of 
this, the overall shapes of the "hump" and "dip" curves of 
Figure 8.1 should now be evident. It should also be apparent 
that the area between these two curves indicates the region 
where steady-state colourations are not noticeable.
Let us now examine the shape of the curves at extreme 
values of Q. Firstly, the "hump" and "dip" curves are made to 
intersect the dilution axis slightly on either side of the point 
|Dj = 6dB. The reason for this is exactly the same as that 
which was given for the corresponding intersection of the "driven- 
state" curve.. In essence, when Q = 0, there will not be any 
driven-state colourations, and one would be simply equating the 
overall loudnesses of the two versions of the programme. This 
will in turn lead to certain dilution values, on either side 
of the point |Dq| = 6dB, which determine the differential thre­
shold values for overall loudness.
At the other extreme, i.e., when Q is infinite, the effect 
of the resonance will be to add or subtract "pure tone segments" 
to or from the spectral contents of the programme. The process 
of addition, which takes place for the "driven-state" and "hump" 
curves, is simpler to visulise because when the condition is 
noticeable, one hears a continually interrupted tone within the 
spectrum of the programme. The interruptions result from the 
finite mark-to-space ratio of the programme at the frequency 
of the resonance. Clearly, although the subjective effect of 
the subtractive process which takes place in the case of the 
"dip" curve is’difficult to describe, its implication should be 
evident. Now, according to the foregoing energy theory, the 
amount of spectral energy added or subtracted by the resonance 
should not be greater than Moreover, when Q is infinite,
this energy change is confined to a pure tone segment of the 
spectrm. Therefore, for a given resonance frequency, the ex­
tent of the energy modification becomes proportional to the 
relative amplitude of the tone, and so, the magnitude o f A ? n 
will impose a limiting value upon the relative amplitude of 
the tone, and hence, upon |hJ , because the two are directly 
proportional to each other. Since N  |Dq| are related
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(Figure 9'1)> this means that as the Q of the resonance approa­
ches infinity, the "driven-state*, "hump" and "dip" curves 
become asymtotic about certain finite values of dilution which 
have been illustrated in Figure 8.1.
8.3-4 The Effect of the Temporal Response of a Single Series 
Resonant System upon its Driven-State Colourations
v
During the course of the previous discussion, the system 
was considered to be equivalent to a variable band-pass filter 
in parallel with a direct channel. From a theoretical point of 
view, the driven-state transmission characteristics of such a 
system do not depend upon the spectral contents of the pro­
gramme, because one assumes that an ideal filter responds ins­
tantaneously to the signal at its input. This assumption does 
not apply to a resonant system, because it stores energy and 
the rate at which energy is acquired by a resonance or, for 
that matter, by any physical system is never instantaneous.
The implications of this point will now be discussed.
Basically, the foregoing energy theory maintains that for 
a given value of Q, the actual size of the hump or dip should 
not exceed a certain limiting value which will be denoted by 
| |hJ dB|^. This kind of notation will be used in preference 
to |Hq| , because it will be necessary to draw comparisons 
between the heights or depths of the deviations, and the use 
of |Hj for this purpose could lead to confusion. The nota­
tion .| |H J dB19 simply expresses the actual magnitude of the 
deviation in dB s, irrespective of whether it is a hump of a 
dip. This does not mean that the values of I |hq| dBlx fo r a 
hump and a dip are assumed to be equal to one another. In 
fact, these two values are known to be different (Section 2.4). 
Up to now, it has been assumed that the resonance becomes 
fully excited during the mark periods of the programme, and 
hence, the magnitude of the theoretical steady-state deviation 
of the system ||HjdB|^., has been considered to be equal to 
the limiting value ||H0|dB|]/ during the mark periods,
the significant parameter is the instantaneous magnitude of
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the deviation ||^ 0|dBli» because it determines the actual 
spectral modification that one "hears". Therefore, in prac­
tice, it is the magnitude of '-||H |dB|^ which should not exceed 
that of | |Hj dB^. Or to be more specific, at a given subjec­
tive level, | [Hq| dB|^ should become equal to | lHo ldBl r  But> 
for a given value of Q, resonance frequency and programme, the 
only way in which | |hJ dB|^ can be altered is to change the . 
value of |(H | dB |t, and so, one must establish the nature of 
these adjustments. This has been carried out in detail in 
Appendix 2. For the moment, the important points will be out­
lined with the aid of an example. For the in-phase condition 
of the system, ||HjdB|^ is always less than | [Hq| dB|^ and its 
maximum value, occurs at the end of each mark period of the 
programme. This value will be denoted by | |Hq| dB|m . Therefore, 
it follows that, at a given subjective level, I N  dB|m should 
become equal to the limiting value I N  dB^. Since this can 
only be done by increasing the value of | |hJ dB^, it means 
that J |hJ dB |^  can have a greater value than its energy-theory 
determined magnitude. The extent by which | |Ho| d B | c a n  in­
crease is in fact directly proportional to the value of Q 
(Appendix 2). The effect of this upon the energy-theory 
determined shape of the "driven-state" curve of Figure 8.1 
is that the slope of the curve, especially for the higher Q 
values, will be increased. A similar conclusion also applies 
to the "hump" and "dip" curves of Figure 8.1.
8.3.5 Transient-State Colourations of a Single Series Resonant 
System____________________________________ _______________
The aim of the present discussion is to explain the ove­
rall shapes of the "transient-state", " |Rq /Co| " and " |Rq/n| " 
curves of Figure 8.1.
During the space periods of the programme, the energy 
which has been stored in the resonance decays exponentially, 
so that, any audible effect during the transient-state of the 
system must be due to the presence of this decay. When Q ^  -J-, 
the decay is non-oscilatory, and hence, there cannot be any
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transient-state colourations. In view of this, the "transient- 
state", and " |Rq/K| " curves of Figure 8.1 have been
confined to the range Q ^  i • When Q ]]> the transient 
output of the resonance is a decaying oscillation at the natural 
frequency of the resonance. The presence of this output is the 
potential cause of transient-state colouration, and so, one 
must determine the factors which govern the audibility of this 
"foreign" signal.
let us assume that at the end of each mark period of the 
programme the resonance becomes fully excited, so that, |Rq| 
can be taken as the amplitude level of the resonance contri­
bution at these points. It follows then, that at the beginning 
of each space period the initial level of the decaying osci­
llation will also be |Ro| . The suffix of |Rq| does not imply 
that the frequency of the decaying oscillation is the same as 
that of the resonance. The term is solely used in order to 
indicate the equality of the two amplitude levels. The question 
of frequency changes occurring at the transition from the driven- 
state to the transient-state of the system will be discussed 
later. Now, |Rq| is clearly one of the factors which determine 
the audibility of the decay. But, since spectral energy is a 
relative quantity, the frame of reference against which the 
magnitude of |Rq| is judged by the ear must be established.
The transient decay has already been referred to as a 
"foreign" signal, because the cultural training, with the aid 
of which the ear judges the normality of a certain programme, 
stipulates that the decay ought not to be there in the first 
place. However, once it is there, provided its presence can 
be masked by the spectral contents of the programme, then it 
will not be noticeable. In other words, from an energy point 
of view, the audibility of the decay depends upon the ratio 
of |R | to some amplitude level which can satisfactorily rep­
resent the magnitude of those spectral energy contents of the 
programme that can effectively mask the decaying transient. 
Reasons will now be given in order to show that the amplitude 
level in question can either be |n| or | c j  or both, depending 
upon the Q of the resonance, so that, from a relative energy
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point of view, the masking of the decay depends upon the ratio 
|Ro/N] or |R0/Cj or both.
Present day auditory theory maintains that the spectral 
contents of a broad-band sound (white noise to be precise) 
which essentially determine the masking of a pure tone are 
those which lie within one critical band of the ear centred 
upon the frequency of the tone (e.g., Jeffress, 1970). Since, 
the decaying transient with which we are concerned is also a 
pure tone, it follows that the spectral contents of the pro­
gramme that can effectively mask it are those which lie within 
that critical band of the ear which is centred upon the natural 
frequency or approximately the frequency of the resonance.
But, these effective spectral energy contents can only exist 
during their respective mark periods. On the other hand, the 
transient decay which is to be masked can only exist during 
its respective space periods. Therefore, these two conditions 
must take place during the same time interval and relevant 
bandwidth of the programme before masking need or can become 
operative. Now, the energy level of the transient decay is 
directly proportional to |R | , and this energy must be masked
by that which is simultaneously present, from a statistical 
point of view, within the surrounding critical-band equivalent 
or third octave band of the programme. Note that the present 
discussion is principally confined to the frequency domain 
because we are essentially concerned with relative energy 
levels. The question is: what amplitude level satisfactorily
represents the remaining spectral energy contents of that third 
octave band?
In this respect, there are essentially two amplitude levels, 
namely, |n | and |CQ| , and the choice between them depends upon 
the Q of the resonance. When the bandwidth of the amplitude/ 
frequency response deviation of the system is very much smaller 
than one third of an octave, then those spectral regions of 
this third octave band of the programme which lie on either 
side of the deviation and remain approximately unaffected during 
driven-state excitation will be very much wider than the affec­
ted part which lies within the bandwidth of the deviation.
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Furthermore, since the spectral energy content of these un­
affected regions can best be represented by the natural signal 
contribution |n| , it follows that the total spectral energy 
content of the critical band in question can also be considered 
to be directly proportional to | N | approximately. Therefore, 
when the bandwidth of the deviation is very much smaller than 
one third of an octave, i.e., for relatively high Q's, the 
significant energy parameter, from a masking point of view, is
IV NI *
The essence of the previous argument also applies to the 
case where the bandwidth of the deviation is comparable or 
greater than one third of an octave. In this case, all the
spectral contents of the programme which lie within the rele­
vant third octave band become affected during their respective 
inark-periods, and so, the total spectral energy of the band 
can best be represented by the steady-state amplitude level at 
resonance IN- This is because the driven-state amplitude 
levels within the bandwidth of the deviation, and hence, within 
the relevant third octave band of the programme also become 
equal to |CQ| approximately. Therefore, for relatively low 
values of Q, the significant energy parameter, from a masking 
point of view, is jRQ/Co| = |Dq| , i.e., the actual dilution of 
the system. In view of the foregoing discussion, it should be 
clear that for intermediate values of Q both |Rq/NJ and |RQ/Coj
can affect the masking of the decay.
There is another mechanism, concerned with relative ener­
gies, whose implications also substantiate |D | as a directly 
governing factor in the audibility of the transient decay. 
Essentially, it involves the rapid change of amplitude level 
which occurs at the transition from the driven-state to the 
transient-state of the system. The cultural training of the 
ear idealy requires this amplitude "step" to be of an infinite 
magnitude and in the downward direction, i.e., Rq = 0. This 
is because one does not expect an isolated decay to be present 
in the first place. Now, for negative dilutions (in dB), 
although the magnitude of this step is finite, its direction 
is at least in conformity with cultural norms. But, for positive
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dilutions, even the actual step takes place in the opposite 
direction to that which the ear would expect# Therefore, in 
this respect alone, |Dq| must be a directly governing factor 
in the audibility of transient colourations of negative and 
especially, positive dilutions (in dB)#
Up to now, the discussion has been confined to the fre­
quency domain, and as a result, it has been shown that the 
audibility of the decay depends upon the magnitude of I V NI 
or |Rq/Co| or both depending upon the Q of the resonance# So 
far as the time domain is concerned, it is clear that an in­
crease in the reverberation time of the decay, and hence, an 
increase in the Q of the resonance will make the likelihood 
of noticing the decay greater# Therefore, from a qualitative 
point of view, as the Q of the resonance increases, the mag­
nitudes |Rq/N| and |Rq/Co| must decrease. This implies that 
each ratio has its own threshold curve along the Q axis#
Now, the ratio JRq/N| , which is equal to, |Hq| # |Dq| 
(equation 3*6), is related to the dilution of the system |Dq| 
(Figure 9*2). For an in-phase system, i.e., one with negative 
(dB) dilutions, (Rq/N| and |D | are directly proportional to 
one another# Therefore, the respective threshold curves of 
the |Rq/n| and |Rq/Co| ratios are in the same qualitative sense 
That is to say, as the Q of the resonance increases the mag­
nitudes of both ratios must decrease, and this in turn means 
that |Dq| must also decrease in both cases. In view of this, 
it should be evident that for negative (dB) dilutions, there 
will only be a single '’transient-state” threshold curve, as 
shown in Figure 8.1, which represents the cumulative effect 
of the two energy ratios, and that this ’’transient-state” curve 
has the same qualitative slope as either of its two components# 
For positive (dB) dilutions in the range |Hq| # |Dq| ^  1, 
the |D | versus Q threshold curves for the |Rq/NJ and IRQ/Co) 
ratios have opposing slopes. This is because, for these cases, 
IV* I and |Dq| are inversely proportional to each other, so 
that, as the Q of the resonance increases, the necessary de­
crease in R /NJ means an increase in |dJ . But, the threshold 
curve for Rq/Co| will have the same qualitative sense as its
negative (dB) dilution counterpart, because |Rq/Co| is equal 
to |Dq| by definition. In other words, for the range of posi­
tive (dB) dilutions in question, as the Q of the resonance 
increases, the ratio |Rq/Co | , and hence, |dJ must decrease.
In view of the foregoing discussion, the general shapes 
of the ” |Rq/n | n and " |Rq/Co|" curves of Figure 8,1 should 
now be evident. Note that the sub-threshold areas in the two . 
cases, as indicated by the arrows, are above and below the two 
curves respectively. This conforms with the well known fact 
that high-Q systems always produce audible transient-state 
colourations. The shapes of these two curves and that of. the 
"transient-state” curve at extreme values of Q will be discussed 
later,
8,3-6 The Effect of the Temporal Response of a Single Series 
Resonant System upon its Transient-State Colourations
Up to now, it has been assumed that the resonance is fully 
excited and discharged during the mark and space periods of the 
programme respectively. So that, JHo/N| m and |Rq/Coj m9 which 
denote the prevailing magnitudes of the two ratios at the end 
of each mark period, and hence, at the beginning of the tran­
sient decay have been considered to be equal to their corres­
ponding theoretical steady-state values |Rq /N| ^  and |R0/C0|
The suffix t (for theoretical), which has generally been omitted, 
will be included in the present discussion for the sake of 
clarity. Clearly, this will not be so in practice, and hence, 
the effect of the finite mark-to-space ratio of the programme 
upon the magnitudes of IV Nlm and IV Colm must now be estab­
lished.
Initially, let us consider the effect of the finite mark 
period and assume that, at its beginning, the resonance is in 
its fully discharged state. From equation 3*122,the relative 
magnitude of the resonance contribution at the end of each mark 
period an<* hence, at the beginning of the transient decay
is given by:
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where, t is the duration of the mark period of the programme
clear that for a given resonance frequency, mark-period and Q,
the initial level of the transient decay, which is equal to
(R ) , will always be less than its theoretical value (R ).,o m o t
which was used as the prevailing level during the course of the 
foregoing discussion concerned with the energy-theory determined 
shapes of the transient colouration threshold curves of Figure 
8.1.
The magnitude of (RQ)m also depends upon the finite space- 
period of the programme, because the energy stored in the reso­
nance during each mark-period will not be fully discharged by 
the end of the following space-period. Therefore, from a statis­
tical point of view, a certain amount of residual energy will 
always be present at the beginning of each mark-period (see
Figure 3-4 on page 3-H)» so that, the actual magnitude of (R )o m
will also depend upon this residual energy. It follows then,
that the magnitude of (^0)m depends not only upon the objective
parameters of the system but also upon the mark-to-space ratio
of the programme.
Row, it has already been shown that, so far as the effect
of the mark-period alone is concerned, (R ) is always lesso m
than (RrtK  * In view of basic energy considerations, this
O U
relationship will also be true when we include the effect of
the space-period. From a practical point of view, this means
that for a given resonance frequency, Q and mark-to-space ratio,
the magnitude of (R ) would have to be increased until ito m
becomes equal to that value of ( Rq) which was imposed solely
by the implications of the energy theory where the effect of
the finite mark-to-space ratio of the programme was ignored.
The only way in which this could be done is to increase the
value of (R ). . In other words, the effect of the finite o t '
mark-to-space ratio of the programme is an increase in the 
energy-theory determined magnitude of (R ), .
O u
Clearly, this increase will affect the magnitudes of |Rq/Nj
and f is the series resonance frequency. From this, it is s
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and IR /C I * The increase in the value of the former means a
1 ° ol I Icorresponding decrease in the magnitude of | Dq dB | for the
in-phase and anti-phase (in the range |h J . Dq ^  1) condi­
tions of the resonance (Figure 9*2). The other ratio, namely
|V Col ’ is equal t0 lDol ’ and since lCol = I lRol ~ lNl I ’
it follows that:
! + NJL R0
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where, the positive and negative signs apply to the in-phase 
and anti-phase conditions* Therefore, an increase in the value 
of |Rj will mean a corresponding increase or decrease in the 
magnitude of |Dq| for the in-phase and anti-phase (in the range 
|R /N | = |Hq| * |Dq| 1) conditions respectively* This in turn 
implies a reduction in the magnitude of | |Dq| dB | for both 
phase conditions (Figure 9*2). It is' clear then, that an increase 
in |Rj leads to a reduction in | |dJ dB | in every case, i.e., 
in the case of both ratios |Rq/n | and |Ro/Cq| , and both phase 
conditions*
Now, in view of the foregoing discussion, the extent by 
which [rJ can increase is inversely proportional to ^o^n/^o^t* 
But, from equation 8*2, for a given resonance frequency and 
programme, ^ 0^m^^o^t is ^n ^urn inverse-y proportional to 
Q. It follows then, that the extent by which |Rq| can increase, 
and hence, | |Dq| dB | can decrease is directly proportional to 
the Q of the resonance in every case. This means that the 
effect of the finite mark-to-space ratio of the programme will 
be to increase, noteably for relatively high values of Q, the 
energy-theory determined slope of the " JRq/CQ]u curve of 
Figure 8.1, and decrease the corresponding slopes of the M |Rq/N| " 
and "transient-state" curves of the same Figure.
8.3.7 Behaviour of the Transient Colouration Curves at Extreme 
Values of Q_____________ _____ ____________________
When Q = \ , the transient decay will be non-oscillatory, 
and therefore, there cannot be any transient colourations. This 
implies that the system could, in the limit, consist solely of
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a single resonance, i.e., N = 0 , and hence, |dJ = OdB, and 
yet remain void of any transient colourations. This explains 
the shapes of the " |R^/N|n and "transient-state" curves of 
Figure 8.1 at the lower end of the Q axis. A similar argument 
will also show that the corresponding dilution value of the 
" |Ro/Cj " curve at Q = \ could become infinite, because under 
these conditions although |Rq| retains a certain finite value.
( |Rj = | N| to be precise), the actual decay will be non- 
oscillatory, i.e., no transient colourations. This explains 
the asymptotic nature of the "[RQ/CQ| " curve about the line
Q = i-
At the other extreme, as the Q of the resonance approaches 
infinity, the growth time of the resonance also approaches 
infinity (equation 3*124)* Nevertheless, the finite mark-period 
of the programme will be able to excite the resonance to a 
certain finite degree, so that, from a statistical point of 
view, the transient decay will have a certain low but, never­
theless, finite initial level. Therefore, for a given value 
of |n | , this will lead to certain finite values for |R0/n J 
and |Rq/Co| which will prevail at the threshold levels. In 
view of this, the asymptotic nature of the "|Rq/n |" , " |Ro/Co|"
and "transient-state" curves of Figure 8.1 at high values of 
Q about certain dilution values should now be evident..
8-3.8 Summary of Driven and Transient-State Colourations of a 
Single Series Resonant System__________________________
The above discussion in relation to the audibility of 
tonal colouration caused by a single series resonant system may 
now be summarised. In general, the'colourations can be classi­
fied into two groups, namely, driven-state and transient-state 
colourations. Each group consists of a number of basic or 
elementary colourations, every one of which has a particular 
objective cause. Each elementary colouration has its own thre­
shold curve, and the cumulative effect of these elementary 
curves gives rise to an "overall" threshold curve for the audi­
bility of the tonal colouration in general. The "overall"
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curves for positive and negative dilAtions (in dB) can be seen 
in Figure 8.1. The shape of these "overall” curves, in rela­
tion to those of their constituents, should be self explanatory, 
because the "overall” curves simply identify, by means of the 
arrows, those areas of the graph where no colouration of any 
kind can be detected.
The effect of the finite mark-to-space ratio of the pro-- 
gramme upon the slope of every elementary curve has also been 
discussed. In view of this, a programme having a relatively 
high mark-to-space ratio, such as pink noise, will make the 
slope of the "transient-state" curve of Figure 8.1, for example, 
become relatively shallow. This is because, such a programme 
will not reveal a great deal of transient-state colourations, 
so that, the shape of its "overall" threshold curve for negative 
dilutions will be primarily determined by that of the "driven- 
state" curve of Figure 8.1. A similar argument also applies 
to the case of positive (dB) dilutions, so that, the shape of 
the corresponding "overall" curve for such a programme would 
become primarily determined by the combined shapes of the "hump" 
and "dip" curves. Clearly, the converse of the argument is 
also applicable. That is to say, if the programme has a rela­
tively low mark-to-space ratio, then the shapes of its "overall" 
curves will be determined primarily by those of the elementary 
transient colouration curves. Practical examples of such cases, 
will be given later.
For the moment, there are certain features associated with 
these "overall" curves which should be noted. Firstly, the 
"overall" curve for negative (dB).dilutions exhibits a turning 
point at a certain value of Q. This critical value of Q deter­
mines the region of Q values where driven-state and transient 
state colourations have comparable influences in determining 
the "overall" threshold level, and therefore, this particular 
value of Q must be related, in some way, to the mark-to-space 
ratio of the programme at the frequency of the resonance. 
Secondly, for positive (dB) dilution, the "overall" curve nearly 
encircles a certain area of the graph. This curve consists of 
four different segments, each of which represents the region
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where a particular elementary cause of colouration has a domi­
nating influence. In a clockwise direction, the elementary 
objective causes which correspond to the four segments are the 
dip, jR0/Co | , |R/N| and the hump. It can be seen that between 
the lower two segments, the "overall" curve exhibits a turning 
point about a certain critical value of Q. These two segments 
and the turning point between them are analogous to the corres­
ponding condition for the negative (dB) dilution case. This is 
because in both cases, the driven-state segments are due to the 
presence of humps in the amplitude/frequency response of the 
system. But, the transient-state segment of the positive (dB) 
dilution cases is due to |Rq /n | , whereas, that of the negative 
(dB) dilution cases is due to JRq/N| and |Ro/Co| . Therefore, 
in view of this difference, and another reason which will be 
discussed later, one can expect the critical value of Q for the 
two cases to be different. On a concluding note, it should be 
clear that experimental verification of all the various features 
which have been outlined in this paragraph depends upon the range 
of objective parameters, as well as, the variety of programme 
materials which have been investigated.
8.3.9 Driven-State and Transient-State Colourations of- a Single 
Parallel Resonant System_____________________- _________
The present investigation was carried out with the aid of 
a single parallel resonant system, and therefore, any necessary 
modification to the shape of the "overall" threshold curves of 
Figure 8.1 will have to be established. In Section 3, it was 
shown that the overall transmission characteristics of single 
series and parallel resonant systems are almost identical for 
relatively high values of Q. Therefore, in this respect, all 
the conclusions of the foregoing discussion in relation to the 
shape of the "overall" threshold curves for a series resonant 
system also apply to a parallel resonant system.
The important difference between the two types of systems 
occurs at relatively low values of Q where a significant "step" 
appears in the overall amplitude/frequency response of the
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parallel resonant system (Section 3*10). It is debatable 
whether the subjective effect of this "step" should be described 
as tonal colouration. Nevertheless, since the step has an audi­
ble effect, its presence will necessarily alter the shape of 
the "overall" curves of Figure 8.1. The modified curves for 
parallel resonance have been given in Figure 8.2, and their 
shapes will now be explained.
Essentially, there are two main differences between Figures
8.1 and 8.2. Firstly, there are two "step" curves in Figure 8.2 
which do not exist in Figure 8.1. Secondly, the "driven-state", 
"hump" and "dip" curves of Figure 8.2 have not been extended 
beyond their intersections with the*corresponding "step" curves. 
The reason for this has been given in Section 3*10.4, where it 
has been shown that, from a subjective point of view, the step 
is the only significant feature which occurs in the overall 
amplitude/frequency response of a parallel resonant system at 
very low values of Q, and that all other response deviations may 
be ignored. Therefore, the threshold curves for the subjective 
effect of this step will have to be determined.
To this end, we may assume that provided the magnitude of 
the step does not exceed a certain level, then its presence will 
not be noticeable. Now, the relationships which exists between 
JH | and Q for various values of the step |s| , have been given 
in Figure 3-17* Since |Hq| and |Dq| are related (Figure 9*l)» 
it follows that the Q-dilution relationship at the threshold level 
of audibility of the effect of the step can be established from 
Figures 3*17 and 9*1 provided the threshold magnitude of |s| is 
known. Clearly, this information can only be obtained from a 
suitable subjective experiment. However, since we are only 
interested in the qualitative nature of this Q-dilution rela­
tionship, it-would be convenient to give |s| a hypothetical 
threshold magnitude of -2dB. For negative (dB) dilutions the 
curve for |s| = +2dB is shown in the upper half of Figure .
3.17. For this graph, noting its gradual change of slope, it 
can be seen that as the Q of the resonance decreases the magni­
tude of |H j also decreases. Furthermore, according to Figure
9.1, a reduction in |hJ for the in-phase condition means a
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corresponding decrease in |dJ . In this case, note the rapid 
change of slope of the curve. In view of these points, the 
overall shape of the negative (dB) dilution "step" curve of 
Figure 8.2 should now be evident. Note that as the Q of the 
resonance approaches zero or infinity, the curve in question 
becomes asymptotic about the lines Q = 0 and |Dq| = OdB 
respectively. -
The same argument also applies, with a few notable excep­
tions, to the anti-phase conditions in the range |Hq| • |dJ ^ 1 .
From Figure 3*17, it can be seen that there are now two |s| = -2dB 
and one |S| = +2dB lines, each covering a different range of Q. 
values. Incidentally, the broken curves of Figure 3.17 do not 
apply to the present discussion. Two of these lines form a 
narrow "corridor" centred upon the line |s| = OdB, so that, accor­
ding to the foregoing argument, points lying within that corridor 
will be below the threshold level of audibility of the effect 
of the step. The third line, namely, |s| = -2dB, can be seen 
on the right hand side of Figure 3*17. Clearly, in this case, 
the sub-threshold region is the area which lies on the right 
hand side of this line. If the shape of this curve and that 
of the relevant curve of Figure 9*1 are considered collectively 
and in conjunction with the foregoing discussion, then the 
overall shape of the positive (dB) dilution "step" curve of 
Figure 8.2 should become evident. Furthermore, it should also 
be apparent that the above mentioned "corridor" in Figure 3*17 
yields a corresponding threshold corridor to the left of the 
positive dilution "step" curve of Figure 8.2. But, for the 
sake of clarity, and the fact that the corridor in question 
is well outside the range of parameters which have been inves­
tigated, it has not been drawn in Figure 8.2. Apart from this, 
note that the two ends of the "step" curve are asymptotic about 
the lines [dJ = OdB and another one which is represented by 
a certain value of Q. For |s| = -2dB, this value of Q is 2.2 
approximately (see Figure 3*17).
The general effect of the presence of these "step" curves 
can be seen by comparing the corresponding "overall" curves of 
Figures 8.1 and 8.2. Note that the effect becomes significant
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only for relatively low values of Q, whereas, in other respects, 
a series and parallel resonant system show very similar beha­
viour. This conforms with the well known characteristics of 
these types of resonances.
Broadly speaking, the conclusions of the foregoing dis­
cussion, embodied in the shapes of the "overall" threshold curves 
for a single parallel resonant system, can be verified by a 
general inspection of Figures 9.4 to 9*18. In this respect, 
there are two points which must be appreciated. Firstly, the 
experimental verification of all the features of the "overall" 
curves of Figure 8.2 clearly depends upon the range of objective 
parameters as well as the variety of programme materials which 
have been investigated. In other words, any given one of the 
experimental curves of Section 9 may only show a part of the 
corresponding "overall" curve, although there are some which 
show all the features, notably, the encircling characteristic 
of the "overall" curve of Figure 8.2 for positive dilutions. 
Secondly, although the foregoing discussion has been confined 
to a single subjective level, namely, the threshold level, it 
is clear that the same argument also applies to the other sub­
jective levels. In view of these points, some of the more 
important aspects of the experimental results, especially from 
a practical point of view, will now be discussed.
8.4 The "Subjective Rating" Results
8.4.1 Pink Noise
From a subjective point of view, pink noise is a continuous 
sound with no momentary silences or relatively quiet passages. 
Therefore, in comparison to speech or music, which do contain 
such features, it has a relatively high spectral mark-to-space 
ratio. This means that for a given resonance frequency, the 
critical value of Q, above which transient colourations become 
dominant, should have a relatively high magnitude. In this 
respect, an inspection of the pink noise results of Section 9 
will show that, for negative dilutions, a distinct turn-over
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only occurs in two of the 63Hz curves. This implies that, 
within the range of parameters which have been investigated, 
pink noise mainly reveals the driven-state colourations of the 
system, because the shapes of the experimentally obtained curves 
are very similar to the combined shapes of their corresponding 
"driven-state" and "step" curves. The existence of a turn­
over point in the 63Hz curve for negative dilutions of Figure , 
9.4, for example, means that the spectral mark-to-space ratio 
of pink noise at that frequency is much less than those at 
other frequencies. Although from a theoretical point of view 
this should not be so, the spectral contents of practically 
generated pink noises seem to reveal this property which is 
probably caused by the noise characteristic of the zener diodes 
which such generators usually employ.
In Figure 9-4 it can also be seen that the 125 and 250Hz 
curves for negative dilutions show an asymptotic nature about 
certain dilution values at relatively high values of Q. This 
feature can also be seen in the "driven-state" curve of Figure
8.2, and the reasons for its existence were given in Section
8.3.3- The practical conclusion which can be drawn from Section
8.3.3 is that this asymptotic behaviour occurs when the band­
width of the resonance approaches 1Hz or less, so that, the 
resonance can incur a "pure tone" filtering effect upon the 
programme material. This explains why the asymptotic behaviour 
is confined to the 125 and 250Hz curves.
In this respect, there is one other point which should be 
mentioned. For a given resonance frequency, as the Q of the 
resonance increases, the audible effect progressively approaches 
that of an interrupted pure tone within the overall spectrum 
of the noise. The interruptions are caused by the finite mark- 
to-space ratio of the programme. Now, there have been many 
investigations concerned with masking of pure tones by broad 
band noise and it would be tempting to compare the results of 
such experiments with those of the present investigation for 
the relatively high values of Q. To this end, one could compare 
|R /n | for the higher values of Q with the corresponding pure 
tone to noise level differences which can be found in the
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literature (e.g., Hawkins and Steven, 1950). But, such a com­
parison would not be valid because, for high values of Q, the 
finite mark period of the programme will not be able to estab­
lish the level |rJ , and the maximum level of the resonant 
contribution, which occurs at the end of each mark period will 
be much less than |Rq| (Section 8.3*6). In this respect, the 
only thing that can be said is that the threshold ratios of pure 
tone to noise amplitude levels which have been published are much 
greater than the corresponding | r /n | ratios of the present inves 
tigation.
Another feature which is evident in Figure 9*4 is that the 
250Hz curve for negative dilutions appears to be more critical, 
especially for high values of Q, than the other curves. The 
term "critical" is used to mean that, in comparison with the 
other curves of the same set, a greater area of the graph lies 
above the threshold or any other subjective level. In parti­
cular, the above mentioned 250Hz curve.shows the initial stages 
of the characteristic "turn-over", and so, one may conclude 
that at that frequency transient colourations have some effect. 
However, as it will be shown fairly conclusively in due course, 
the most significant factor which governs this feature is most 
probably the pitch-shift phenomenon.
For the moment, let us examine some of the quantitative 
implications of the proposed theory. It was assumed that if 
the change in the spectral power of those energy contents of 
the programme which lie within one critical bandwidth, centred 
upon the frequency of the resonance, exceeds the differential 
threshold value,, denoted by A p n , for that critical band of 
the programme, then the loudness of that band increases, and 
hence, colouration becomes audible. Clearly, this refers to 
the hump cases. In order to establish the relationship which 
exists between A P n and the objective parameters of the system, 
it will be necessary to show that, for spectral power consi­
derations, the spectral power density of pink noise within any 
geometrically related unit of bandwidth can be considered to 
be a constant, and its value pn , can be taken as that which 
prevails at the centre frequency of the band in question.
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In general, the spectral power density of pink noise is 
inversely proportional to frequency, because pink noise has 
constant energy per geometrically related units of bandwidth. 
Furthermore, since Q defines such a bandwidth B, for a reso­
nance, it follows that natural pink noise also has constant 
spectral power P , per Q-defined bandwidth of a resonance 
throughout the spectrum. But, if the spectral power density . 
of pink noise pn (n for natural), is to be considered a cons­
tant within a geometrically related unit of bandwidth B, then,
f
P ' = B . p = —  . p o Aq *n Q............................. 8.4
where, f is the resonance frequency. However, in general,
Pn<X I......................... ... 8'5
Therefore, from equation 8.4., for P^ to become proportional to
l/Q, i.e., a constant, p^ must be proportional to l/fQ • This
means that the value of p within the bandwidth of the resonancen
can be considered to be a constant whose value is inversely
proportional to the frequency of the resonance. Since the
actual values of p on either side of the resonance becomen
progressively smaller and greater respectively than the value 
at resonance, this result is plausible. It should be noted 
that the foregoing conclusion applies to any geometrically 
related unit of bandwidth.
In view of this, the spectral power P^, of natural pink 
noise within one critical bandwidth W, centred upon the fre­
quency of the resonance becomes:
P = W . p    8.6n n
Let us confine the discussion to the in-phase condition 
where, the system exhibits a hump in the vicinity of resonance. 
If we let the spectral power density of the coloured pink noise
, be p , then the total spectral powerc . . .
of the coloured noise P , which lies within the surrounding 
critical band W, becomes:
where, a is a normalized frequency factor, a^ and being 
its values at the extremities of the critical band W. The 
reason for using a will become clear shortly* We also have 
that:
P,
= Ih T 8.8
n
so that, equation 8*7 becomes:
CL,
Pc = J pn *IH I* * da = pn J M da 8*9
a- a.
because, it has been shown that within the critical band, pn
can be considered to be frequency 
independent. Now, in order to avoid unnecessary mathematical 
complications, we may approximate and use the series resonance 
formula which exists for (h |2 , i.e., equation 3-50. In view 
of this, equation 8*9 becomes:
a,
= p„J
a.
1 +
M  + 2M o o
2 2 
1 + Q a
da 8.10
and hence, a.
Pc = pn(“2 - “l> + K  + 2Mo> J da
or.
2 2 
1 + Q a
8.11
because Mq does not depend upon a. By carrying out the integ­
ration, it can be shown that:
Pc = pn(“2 - “l> + (Mo + 2Mo>
(tan ^Qa^ - tan Q^oc-^ ) 
Q 8.12
Furthermore, from equation 3-25, we have that:
M2 + 2M = Ih I 2 - 1 o o I ol 8.13
In addition, if we take the critical band to be one third of 
an octave wide, then from equation 3*34, we find that:
ap = -a1 = 0.2316 8.14
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Finally, pn a^2 ~ al^ = Pn   8'15
because in accordance with equation 8*6, (a^ - a^) is the 
normalized width of the critical band. In view of these facts, 
equation 8.12 becomes:
A p n = Pc - Pn = 2( |H0| 2 - 1) — — ....  8.16
where, Pc and PR are the spectral powers of the coloured and 
natural pink noises within the critical band in question, and 
A P n » is the change in the magnitude of P^ which is brought 
about by the presence of the hump. Bearing in mind the fact 
that for a given resonance frequency and at a particular subjec­
tive level of driven-state colouration A p is a constant, itn ’
becomes clear that under these conditions, equation 8.16 defines 
the relationship which should exist between Q and |Hq| .
The relationships which actually prevail can be seen in 
Figures 8.3 and 8.4, where it should be noted that only three 
values of Q in the range 6-25 have been plotted. There are a 
number of reasons for this. Firstly, the foregoing theory only 
applies when the bandwidth of the hump is less than one critical 
band, and since a Q of 4-3 corresponds with a resonance band­
width which is one third of an octave wide, the Q = 3 curves 
have been excluded. Secondly, from Figure 9-3, it can be seen 
that when Q = 3» the magnitude of the step which occurs in the 
overall amplitude/frequency response of the system is substan­
tial. This is another reason for excluding Q = 3- This value 
of Q must also be excluded on the grounds that in the previous 
mathematical derivations,, the system*s frequency response was 
approximated to that of a series resonant system. Finally, for 
relatively high values of Q, the steady-state conditions of the 
system may not be established from a practical point of view, 
and therefore, the foregoing theory would become quantitatively 
invalid.
Now, from Figures 8.3 and 8.4, we can tabulate the prac­
tically obtained increases in the value of |Hq| for a two fold 
increase in the value of Q at different frequencies. Let us 
denote these increases by A|Hq| . The corresponding theoretical
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magnitudes of these increases, denoted by A|hJ can be 
calculated from the following equation which has been derived 
from equation 8.16.
( A|H ] t )2 ■ X ( | H °|2 ~aX)   8.17l°lt
Q tan ^O.ajieQ,)
where X  = —  Zi.......     8.18
Qxtan ±(0.2516Q2)
Therefore, any quantitative disagreement which may exist between 
theory and practice can be expressed in terms of the ratio
AIh0I p/aIhoI t*
The magnitude of this ratio as a function of the resonance - 
frequency can be seen in Figure 8.5 for the various subjective 
levels. Note that, for each resonance frequency, there are, in 
general, two data points, each one of which corresponds to one 
of the two available two-fold increases in the value of Q as 
shown in Figures 8.5 and 8.4*
Let us examine the implications of the curves of Figure 
8.5. Had every one of these four curves been frequency indepen­
dent straight lines on the OdB lines, it would have meant that 
the practically obtained increase in the magnitude of [Hq| had 
been the same as the theoretically predicted value, and there­
fore, the local change of loudness could have been considered to 
be the only factor which governs the audibility of driven-state 
colourations. Apparently, this is not so. But, since the 
magnitude of the ratio is fairly small at all frequencies (typi­
cally of the order of - 0.5dB), one can safely consider the 
local change of loudness to be the most significant factor, and 
in view of the following explanations, it is most likely the 
only factor which determines the audibility of driven-state 
colourations proper.
Figure 8.5 shows that the ratio is generally negative 
(in dB), and its magnitude attains maximum values in the range 
200Hz to 2kHz approximately. Beyond this range, there are two 
situations. At high frequencies, the magnitude of the ratio 
approaches OdB and this means that in that range of frequencies,.
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theory and practice are in agreement. At low frequencies, the 
magnitude of the ratio is greater than OdB, i.e., the prevailing 
magnitudes of |hJ are greater than the theoretically predicted 
values. This can be explained in terms of the fact that at 
these frequencies the critical bands of the ear are wider (in 
proportional terms) than those at other frequencies (e.g.,
Scharf, 1970). In view of this, equations 8.17 and 8.18 show- 
that an increase in the width of the critical band, which has 
hitherto been taken to be one third of an octave wide, leads to
j. becomes larger, 
and hence, A|Hq| /  A|Hq|  ^becomes smaller. In fact, if we let 
the width of the critical bands at 63Hz and 125Hz be one 
octave and two thirds of an octave wide respectively, then the 
low frequency ends of the curves of Figure 8.5 will also approach 
the OdB lines, i.e., a similar behaviour to that of their high 
frequency ends which has already been explained.
The negative (in dB) values of the ratio mean that the 
practically determined magnitudes of the humps are less than 
their theoretically predicted values, and hence, there must be 
at least one other factor which also governs, though to a lesser 
extent, the permissible limiting magnitudes of the humps. 
Furthermore, since these negative values attain maximum magni­
tudes in the range 200Hz to 2kHz, it follows that the factor 
in question must also be maximally influential In this range 
of frequencies.
This factor is most probably the frequency shift phenomenon, 
because firstly, the literature shows that the minimum values 
(in Hz) of. the differential frequency thresholds for pure tones 
at a sensation level of 60dB also occur in the range 200Hz to 
2kHz approximately ’(Licklider, 1951 or the original paper by 
Shower and Biddulph, 1951)* Secondly, for |Hq| and Q in the 
ranges ldB to 2.7dB and 6 to 25 respectively which correspond 
to the absolute threshold level results of Figure 8.5a in the 
range 200Hz to 2kHz, equations 5*25 and 3*132 indicate that 
the magnitudes of the corresponding frequency shifts caused 
by the system lie in range 0.05 to 0.6$ approximately. These 
values are also of the same order of magnitude as the published
a corresponding increase in and so, A |h |
8.29
figures for pure tones. Thirdly, Figure 8.5a, shows that the 
maximally negative (in dB) value of the ratio occurs around 
400Hz, which implies that the frequency shift should have its 
greatest subjective influence in the locality of 400Hz. This 
is also in agreement with the literature in the sense that the 
differential frequency threshold for pure tones has a minimum 
value (in Hz) in the vicinity of 400Hz, i.e., a relatively 
smaller frequency shift can be detected in that locality.
In view of these points, if we consider the frequency 
shift as another basic cause of colouration, then it becomes 
a simple matter to show why the practically obtained magnitudes 
of the humps are less than the values predicted by the local 
loudness theory. , Basically, the audibility of the frequency 
shift depends not only upon the actual magnitude of the shift 
but also upon the relative amplitudes of its two components. 
During the driven-state of the system the decisive relative 
amplitude level is that of the actual hump, so that, a reduction 
in this would potentially make the frequency shift less audible. 
During the transient-state, it is the initial amplitude level 
of the transient decay |rJ , which is the significant factor, 
and since, for the in-phase condition of the system (equation 
3-2),
|Ho| = 1  ♦ |^| ..... 8.19
it follows that for a given natural signal |n|, a reduction in 
|Ho| also means a corresponding reduction %n |Rq| . Therefore, 
for a given resonance frequency and Q, the only way in which 
the subjective effect of the frequency shift can be minimized 
is by a reduction in |Hq| .
Let us now consider the variation of |hJ with, resonance 
frequency for the various curves of Figures 8.5 and 8.4* For 
a given value of Q, the low frequency increase in |Hq| means 
that the corresponding value of A ? n must also be relatively 
greater at low frequencies (see equation 8.16). Now, if we 
assume that, for a given subjective level, the subjective 
magnitude of the local loudness increment is a constant at 
all resonance frequencies, then, in general, the curves can.
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be considered to represent lines of equal local loudness change. 
In this respect, it is clear that the shapes of these curves 
resemble, notably at the lower frequencies, those of the equal 
loudness contours for pure tones (e.g., Robinson, 1958). This 
comparison would not be valid at a quantitative level because 
the curves of Figures 8.5 and 8.4 apply to narrow bands of noise 
(within the bandwidth of the hump) under masking conditions by 
the rest of the programme.
Let us now consider the positive dilution results for pink 
noise. Since the curves for the less critical subjective levels, 
i.e., Figures 9*6, 9-7 and 9*8, show a greater degree of simpli­
city than the Threshold Level curves of Figure 9*4, the former 
will be discussed first. To this end, the positive dilution 
curves of Figure 9*6 will be chosen as an illustrative example 
where it can be seen that, in general, the overall shape of' 
each curve is the same as that which would result from combining 
the "hump”, "step” and "dip” curves of Figure 8.2. That is to 
say, apart from a few exceptions, which will be discussed shortly, 
the right hand part of each curve is mainiy due to the hump and 
the left hand part, i.e., the part which has a steep slope, is 
due to the step and the dip. This means that pink noise pre­
dominantly reveals the driven-state colourations of the system; 
a conclusion which was also arrived at in connection with the 
results for the in-phase conditions. However, it should become 
clear in due course that, under certain circumstances, the 
transient-state colourations can also have an appreciable effect.
For the moment, let us consider the effect of the step. In 
.Figure 9*6, for example, along the line |Dq| = +6dB, |Hq| = OdB 
(Figure 9*1) > i*e., the system does not have a hump or a dip.
But, from Figure 9*3 it can be seen that when |Dq| = +6dB, 
there is a step present whose magnitude |s|, becomes quite subs­
tantial for low values of Q. Therefore, the intersections of 
the various curves of Figure 9*6 with the line [Dq| = +6dB can 
be converted (with the aid of equation 5*104) in order to give 
the relationship which exists between the magnitude of the step 
[ S|, and the resonance frequency for the various subjective 
levels. Those relating to pink noise can be seen in Figure 8.6a,
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and the corresponding curves for speech and music have also 
been included in Figure 8.6 for comparative purposes. Strictly 
speaking, the curves shown in Figure 8.6 include the subjec­
tive effect of frequency shifts, transient-state colourations 
and possible phase effects which will be discussed later. Never­
theless, since the overall shapes of these curves can be explained 
solely in terms of the subjective effect of the step, it is . 
reasonable to assume that the above mentioned factors do not 
have a significant influence under the foregoing parametric con­
ditions.
In general, since the step occurs at the resonance frequency, 
it follows that the subjective effect of the spectral modifi­
cation which it causes is maximized when the frequency of the 
resonance is located somewhere in the middle of the overall 
spectrum of the programme. This means that at that point, the 
magnitude of the step |s|, should attain a minimum value rela­
tive to those which it has on either side of the spectral 
point in question for any given subjective level. Therefore, 
as the resonance frequency is increased, one would expect the 
magnitude of the step to decrease, reach a minimum and then 
increase. This behaviour can be seen in Figure 8.6c which is 
for music. The pink noise results, i.e., Figure 8.6a, only 
show the initial decrease in |S J. This could be due to the 
fact that pink noise has a much wider spectrum than music, and 
therefore, the upper range of resonance frequencies which were 
used were not high enough in order to reveal the above mentioned
turning point in the case of pink noise.
Although the curves for speech, i.e., Figure 8.6b, appear 
to be different from those for music and pink noise, in essence, 
the previous explanations still apply. The broken-line sections 
of the curves are qualitative extrapolations, based upon the 
results of Figures 9*11 and 9*12, and have been included in 
order to show the overall shapes of the curves.
These extrapolations can be justified with the aid of
Figure 9.11 as an illustrative example. An inspection of the 
positive dilution section of Figure 9*11 will show that the 
500Hz, 1kHz and 2kHz curves have two intersections each with
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the line |dJ = 6dB. The other curves have either one or no 
intersections with the line in question in the range Q = 3 to 
Q = 200. Now, for a given resonance frequency, it is that 
intersection which has the lower Q-value which concerns us at 
present and has been used in order to calculate |s|. It may 
also be pointed out that although the intersections which have 
the higher Q-values also represent finite steps, the magnitudes 
of these steps are relatively smaller, and therefore, so far 
as the present discussion is concerned, they become irrelevant*
In view of the foregoing, it can be seen that the lower Q-value 
intersections of the 125 and 250Hz curves of Figure .9*11 appear 
to be located somewhere below the point Q = 3, and hence, the 
corresponding magnitudes of their steps are greater than those 
of the higher frequency curves. This is the reason for the 
extrapolated broken-line sections of Figure 8.6b.
Therefore, taking the Comfortable Acceptability CA, curve 
of Figure 8.6b as an example, it can be seen than the curve 
exhibits two turning points. As the resonance frequency is 
increased, the magnitude of the step decreases, reaches a minimum 
at 500Hz and then increases, so that, up to this stage, the 
overall shape of the curve is the same as that for music. Hence, 
it is reasonable to attribute these parts of the curve to the 
spectral contents of the actual programme. The remaining parts 
of the curve are probably caused by the background noise of the 
recorded tapes. This is because, as the frequency of the reso­
nance, and hence, the spectral position of the step is increased 
further, the bulk of the spectral energy of the actual programme 
becomes situated on the low frequency side of the step and the 
background noise energy on its other side. Furthermore, so far 
as the present case is concerned, those spectral contents which 
lie below the actual position of the step become attenuated 
with respect to the remaining part of the spectrum (Figure 9*3), 
so that, under these conditions the programme could potentially 
sound "Hissy". In fact, the comment "Hissy” has only been used 
in connection with speech at high resonance frequency (see 
Figure 9.30). Clearly, in order to reduce the hissiness, the 
magnitude of the step would have to be reduced, and in Figure
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8.6b, this explains the gradual decrease in |s| as the frequency 
of the resonance is increased beyond 1kHz. From a comparative 
point of view, it can be seen that the results for music, i.e., 
Figure 8.6c, do not show the above mentioned effects. This is 
probably due to the fact that music has a wider spectrum than 
speech, and therefore, its background noise does not have a 
significant influence within the range of resonance frequencies 
which have been investigated.
Ideally, the previous discussion on the speech and music 
results should have been carried out in Section 8.4.3* But, for 
reasons of overall clarity and convenience it was carried out 
in this Section. We now return to the remaining aspects of the 
pink noise results for positive dilutions.
During the course of the foregoing discussion, it has been 
argued that pink noise mainly reveals the driven-state colou­
rations of a system. Although this is generally the case, under 
certain conditions, some of which have already been discussed, 
the other types of colourations can also be revealed by pink 
noise. The most significant of these conditions appears to be 
the subjective level of judgment whose effect will now be dis­
cussed. The discussion will be concerned with the right hand 
sections of the various positive dilution curves for pink noise. 
If one inspects these curves in the order of increasing criti- 
cality of the subjective level, i.e., from Figure 9*8 to Figure 
9.4, it can be seen that for the less critical levels, i.e., 
Figures 9*7 and 9*8, the right hand parts of the various curves 
are approximately straight lines, and more significantly, they 
show that the dilution (in dB) decreases as the Q of the reso­
nance is increased. This conforms with the shape of the "hump" 
curve of Figure 8.2, and so, it means that, for these two 
subjective levels, driven-state colouration is the most influ­
ential factor. However, as the subjective level becomes more 
critical, as in Figure 9.6, it can be seen that the 250, 500, 
and to some extent the 125Hz curves show an increase in their 
dilution values as the Q of the resonance is progressively 
increased. This feature is even more pronounced for most of 
the curves in Figure 9-4 which represents the threshold level,
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i.e., the most critical subjective level* The shape of the 
Q-dilution relationships of the right hand parts of these 
curves clearly resemble that of the " |Rq/N|" curve of Figure 
8.2. Hence, the curves indicate that, under these conditions, 
the transient-state colourations of the system have a dominant 
effect. In connection with this observation, it may also be 
pointed out that, in general, the slopes of the right hand 
parts of the corresponding curves for speech and music (Figures 
9.9 to 9*18) also increase as the subjective level becomes more 
critical. Therefore, the overall conclusion seems to be that 
transient-state colourations become potentially more noticeable 
as the subjective level of detection approaches the absolute 
threshold. This suggests that, in general, transient-state 
colourations are more "subtle" or less obvious than the driven- 
state variety; an inference which is reasonable.
So far as the pink noise results are concerned, the pre­
vious explanations raise this question: If the transient-state
colourations become more effective as the criticality of the 
subjective level increases, how is it that the negative dilution 
results for pink noise do not reveal this feature decidedly?
In this respect, the revealing factor would have been the 
presence of a maximum in, at least, a number of the various Q- 
dilutions curves, similar to that which is shown in the "overall" 
curve of Figure 8.2 for negative dilutions. Although the 125 
and 250Hz curves for negative dilutions in Figure 9*4 show the 
onset of a possible turning point, the feature is not very 
conclusive, and so, the question is still justified. The answer 
could be that, for positive dilutions, the transient-state 
colourations of the system are potentially more noticeable 
simply because the actual dilution of the system is positive,
i.e., it is the opposite of that which the ear would normally 
expect. This point has already been discussed in Section 8.3*5* 
It should become clear in due course that the reason given 
applies more conclusively in the case of speech and music.
This concludes the general discussion on the pink noise 
results, and it now remains to compare them with the available 
data from other investigations.
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8.4*2 Comparison of the Pink Noise Results With Those of Other 
Investigations_________________________ _________________
In this respect, there appears to be only one unpublished, 
investigation by Harwood (1973)» which the present investigator 
became aware of after the conclusion of the Final Subjective 
Tests (Section 6.5)* The colouration synthesizer which Harwood 
used consisted of a hybrid coil, the input of which was connected 
to a pink noise generator. One of the two outputs of the coil 
was directly connected to one of the two inputs of a second 
hybrid coil which acted as a mixer. This unimpeded channel 
carried the natural signal contribution |n |. The remaining out­
put of the first coil was connected to a phase reversing switch 
followed by an attenuator A. The output of this was then 
connected to an amplifier followed by a series resonant circuit 
and the remaining input of the second hybrid coil in that order. 
This channel carried the resonance signal contribution |r |.
The coloured signal |c|, present at the output of the mixing 
coil, was then fed into a power amplifier followed by a loud­
speaker.
There were five subjects, "only one of whom was accustomed 
to making acoustic assessments" and they were each required to 
listen to the coloured pink noise and adjust the attenuator A, 
in order "to give one of four conditions for each resonance 
frequency, Q and phase, namely, Minimum Perceptible change in 
quality, Definitely Perceptible, Obvious and Gross." In other 
words, the judgments were made on an absolute basis in terms 
of these descriptions. The subjective tests were carried out 
in a room "having a reverberation time of 0.45sec."
Therefore, the important differences between Harwoodfs 
investigation and the present one are as follows:
Harwood *s 
Investigation
Present
Investigation
1. Type of resonance
2. Testing environment
Series
Reverberant
Parallel 
Free Field
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Harwood* s 
Investigation
Present
Investigation
3- Type of Subjects Mostly Inex­
perienced
Pink noise only
Experienced
4. Types of programme 
material used
Pink noise, 
speech and 
music
Relative5* Type of subjective 
judgment
Absolute
6. Type of subjective 
scale
Verbal Numerical with 
subsequent ver­
bal translation
7* Type of presentation 
. to subjects
Live.. Subjects 
set the dilu­
tion values.
Pre-recorded 
with set dilution 
values.
Some of Harwood’s results can be seen, in a compatible 
form with those of the present investigation, in Figures 8.7 
and 8.8. If we equate the subjective level which Harwood calls 
"Minimum Perceptible change in quality" with "Threshold level", 
as used in the present investigation, and his "Definitely 
Perceptible" with "Comfortable Acceptability", then the various 
curves of Figures 8.7 and 8.8 can be compared with the corres­
ponding nearest-frequency curves of Figures 9*4 and 9*6 respec­
tively. In doing so, it will be seen that apart from two 
distinguishing features, the general form of the Q-dilution 
relationships are the same for the two sets of results. The 
differences are that firstly, the positive dilution curves of 
Figures 8.7 and 8.8 do not show the upward turn which can be 
seen on the left hand sides of the corresponding curves of 
Figures 9*4 and 9*6. Since these upward turns are caused by 
the presence of the step which exists in the overall amplitude/ 
frequency response of a parallel resonant system and a series 
resonant system does not have such a characteristic, this 
difference between the two sets of curves is to be expected.
In fact, in this respect, Harwood’s results and those of the 
present investigation collectively verify the corresponding 
"overall" curves of Figures 8.1 and 8.2. The other qualitative 
difference between the two sets of results is that the 70 and
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300Hz curves of Figures 8.7 and 8.8 for positive dilutions 
show a downward turn at their high-Q ends. This feature will 
be discussed shortly.
From a quantitative point of view, since the two inves­
tigations have a number of important differences, one would 
expect the two sets of results to be different. Nevertheless, 
if one disregards those parts of the curves which are associated 
with the above mentioned qualitative differences, then on com­
parison, it will be seen that apart from the two 63 and 70Hz 
curves for positive dilutions, the rest of the curves are 
generally in close agreement. In carrying out such quantitative 
comparisons, it will be helpful to remember that, since pink 
noise mainly reveals the driven-state colourations of a system, 
the decisive energy parameter will be |hJ , and Figure 9.1 
shows that the rate of change of [hJ with respect to [Dq| is, 
in general, much smaller for negative dilutions than it is for 
positive dilutions.
Let us now consider the downward turn which occurs at the 
high-Q end of the 70 and 300Hz curves of Figures 8.7 and 8.8 
for positive dilutions. At this stage, it will be helpful to 
point out that apart from resonance frequency, the objective 
parameters which Harwood used were the ratio |n /Rq] (in dB) 
and the reverberation time of the resonance. For each of the 
two phase conditions and each subjective level, he presented 
his basic results in the form of |n /Rq| (in dB) versus rever­
beration time graphs for the various resonance frequencies. He 
observed that, in general, the low reverberation-time sections 
of the curves were linear but for reverberation times greater 
than 0.3sec. approximately, |n /r | progressively decreased at 
a significant rate relative to the other parts of the curves. 
Since the natural signal [n |, is a constant this means that the 
resonance contribution |Rq| had increased. This is the infor­
mation which the downward turn of the 70 and 300Hz curves of 
Figures 8.7 and 8.8 for positive dilutions reveal. Although 
a slight upward turn, arising from the same fact, can also be 
seen at the right hand ends of the 70 and 300Hz curves of 
Figure 8.8 for negative dilutions, the corresponding curves of
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Figure 8.7 do not reveal such a feature. This is because the 
above mentioned relative increase in |Rq| did not occur in any 
of Harwood’s ’’Minimum Perceptible change in quality” curves for 
the in-phase condition. The range of parameters covered by 
the remaining high frequency curves of Figures 8.7 and 8.8 
coincide with the linear parts of Harwood’s corresponding graphs. 
Incidentally, the relationships which exist between [Rq/NJ = - 
|Hq| . [Dq| , and dilution |dJ , for the two phase conditions 
of the resonance can be seen in Figure 9.2.
In relation to the foregoing anomaly, Harwood wrote:.
’’The reason for the change, in regime for reverberation 
times above 0.3sec. is not clear, but it affects all frequen­
cies, ..... It may possibly be of some importance that the
figure for the reverberation time of the listening room was also 
of this order, i.e., 0.45sec.”
In addition to this quotation, he also wrote:
’’One point of similarity between the in-phase and anti­
phase results is the fact that the curves bend downwards after
0.,3sec. ........
A repetition of the experiment in a free field room for 
circuit reverberation times above 0.3sec. would prove interesting 
in this connection to see whether, the change in regime for 
these reverberation times involves the surroundings or whether 
it is a true aural effect.”
Now, it has already been pointed out that this ’’change of 
regime” implies a relative increase in |Rq| for reverberation 
times greater than 0.3sec. Let us examine the implications of 
this. In the absence of a live room, the transient decay gene­
rated by the system would have had an initial level of |Rq| and 
a decay rate given by the reverberation time of the resonance.
The presence of a live room will effectively increase the 
reverberation time of the resonance so that potentially, the 
transient decay will become more noticeable than it otherwise 
would have been in the absence of a reverberant field. In 
order to compensate for this increase in the decay time, with 
the aim of keeping the subjective level of audibility of the 
colouration unaltered, the initial amplitude level of the combined
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decay must be reduced. Although in the presence of the room 
this amplitude level may not be equal to |rJ , it will never­
theless be directly proportional to [rJ  , so that, a decrease 
in the initial amplitude level of the combined decay will mean 
a decrease in the magnitude of |Rq| . Therefore, as the rever­
beration time of the resonance increases |Rq| should decrease 
and not increase as shown by the above mentioned curves of 
Figures 8.7 and 8.8. In view of this, it is difficult to see 
a theoretical basis which could support Harwood*s suggestion.
The series resonant circuit which Harwood used appears to 
have a significant weakness which may have affected the perfor­
mance of his colouration synthesizer and could offer a possible 
explanation for the above mentioned shape of the curves. In 
connection with the details of his resonant circuit he wrote:
"The resonant circuit consisted of a series connected 
inductance, capacitor and resistor fed from an emitter follower 
source. The voltage across the resistor, one end of which was 
grounded, was connected to the base of a high input impedance 
amplifier. The resonance frequency could be set to any one of 
seven values by switching the values of the capacitor; the 
frequencies were generally about an octave apart, and were 
decided by convenient values of capacitance rather than by 
round frequencies. The inductor had a ferrite cup core and 
reached a Q of about 1000 around 1000Hz; the capacitors were
i
also high Q of the polystyrene type. When higher Qs were 
desired positive feedback was applied to the input of the 
emitter follower. Values of Q tested ranged from a minimum 
of 2.5 at 70Hz to 8000 at 8kHz."
He also gave a block diagram of the aparatus which he had 
used, the relevant parts of which are given in Figure 8.9- In 
view of this information, Figure 8.10 has been drawn in order 
to show the details of Harwood's resonant circuit. Furthermore, 
it can be shown that (see Appendix 3) the equivalent circuit of 
Figure 8.10 is given by Figure 8.11 where, r is the output
impedance of the emitter follower stage and V is the sourceO C
voltage.
In Figure 8.11, since the output amplifier has a high
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input impedance, it follows that the total resistance of the 
series resonant circuit is approximately,
r+1 = r , + r   8,20tl o t r
Therefore, the Q of the resonance is given by:
2icf L 2ltfoL
Q = ~ ^ ~  or rtl = Q ..... 8.21
But, from equation 3-127, the reverberation time of the reso­
nance is given by:
f
T = 2.2 or jj2 =   8.22
Therefore, from equations 8.21 and 8.22,
4* 47tL 13*8L n
rtl = — ¥ ~  - T...........................  8'25
Remembering the difficulties which the present investigator 
experienced in obtaining high Q inductances (see Section 4*3) > 
the one used by Harwood which ’’had a ferrite cup core and reached 
a Q of about 1000 around 1000Hz” most probably had an inductance 
of less than 1H. Using this figure, equation 8.23 becomes:
tl ~ T   8'24
From this equation, it can be seen that the magnitude of
r., decreases as the reverberation time of the resonance increases.tl
According to Harwood, the foregoing ’’change of regime” occurred
for reverberation times greater than 0.3sec., so that, in the
absence of positive feedback which he only applied in order to
obtain the very high Q ’s, i.e., Q*s greater than 1000 at 1kHz,
equation 8.24 gives r ^  = 46ohms approximately for T = 0.3sec.
But, r ' = r . + r , and r , = lOohms. Therefore, for T = 0.3sec., 7 tl ot r ot 7 7
= 36ohms and for greater values of T, the magnitude of rr 
becomes even smaller. At the resonance frequency, rr is the 
AC load of the emitter follower stage, because the impedance 
of the reactive part of the circuit is zero. This means that 
as the magnitude of r^ decreases and approaches that of the 
output resistance of the emitter follower stage r the
loading effect becomes more significant. In other words, the
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ratio of the two signals V_/V , in Figure 8*11, progressivelyr SC
decreases as the reverberation time of the resonance increases 
in the absence of any positive feedback# The quantitative 
behaviour of this feature based upon the previous values can 
be seen in Figure 8.12 where it should be noted that the
reduction in V /V becomes quite significant above T = 0#3sec
Now, for a given setting of the attenuator A, which 
Harwood’s subjects adjusted in order to establish the magnitude 
of the resonance signal contribution |rJ , and hence, that of 
the energy parameter of the system for a particular subjective 
level, the magnitude of V would have been a constant irres-SC
pective of the Q of the resonance# But, the signal which would 
have ultimately determined the magnitude of |rJ would have been 
, and since the ratio ^r/^sc decreases with increasing 
reverberation time or Q, it follows that for a given setting 
of the attenuator A, the magnitude of |Rq| would have progre­
ssively decreased with increasing Q. Clearly, this defeats the 
intended operation of the colouration synthesizer where* the 
magnitude of |Rq| , should have been, and apparently was thought 
to have been indicated by the setting of the attenuator A, 
independently of the Q value of the resonance.
The effects of this are two fold. Firstly, for a given 
resonance frequency and subjective level, the setting of. the 
attenuator would not have indicated the true magnitude of |Rq|
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for all values of Q, so that, for a given setting, the pre­
vailing magnitudes of |Rq| for the higher values of Q would 
have been smaller than those for the lower values of Q. That 
is to say, if we assume that the attenuator had been calibrated 
at a low value of Q, then for high values of Q, the attenuator 
settings would have wrongly indicated higher operating magni­
tudes for |Rq| , than those which were actually prevailing. 
Clearly, calibration at a high value of Q, would have entailed 
the converse of this situation. Therefore, it seems reasonable 
to suppose that the apparent ’’change of regime” which Harwood 
reports could have arisen from the wrong information given by 
the attenuator settings rather than any subjective or environ­
mental cause. In this respect, it should be pointed out that 
although the attenuator could have been calibrated for each 
resonance frequency and Q combination, such a procedure, or 
for that matter the actual loading effect, has not been men­
tioned in Harwood's report. Furthermore, although he has not 
stated explicitly whether the calibration of the attenuator was 
independent of the Q and resonance frequency of the system, he 
wrote:
’’For any given resonance frequency, Q and relative phase, 
the attenuator permits the signal in the resonant chain to be 
adjusted relative to the straight-through signal to give a 
prescribed subjective response.”
This statement gives the impression, or at least, encourages 
one to think that the calibration of the attenuator had been 
considered by Harwood to be independent of the Q and resonance 
frequency of the system, and therefore, the foregoing discussion 
and its conclusion are justified.
In addition to the above mentioned calibration errors, 
the loading effect would have also altered the desired trans­
mission characteristics of the synthesizer along the frequency 
domain, notably, in the vicinity of the resonance frequency.
So far, the discussion has been confined to the resonance 
frequency where the impedance of the reactive part of the 
resonant circuit is zero. As the frequency of the input signal 
becomes further removed from that of the resonance, the impe-
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dance of the resonant circuit progressively increases at a
rate which is directly proportional to the Q of the resonance,
and therefore, the loading effect becomes correspondingly
less significant. This means that, in Figure 8.11, the ratio
of the two signals V /V , approaches unity, and therefore,e s c
the shape of the steady-state transmission characteristic of
the circuit given by V /V as a function of frequency app- -r s c
roaches that of ^r/^e versus frequency, i.e., that of the
corresponding shape of the resonant circuit proper. On the
other hand, in the vicinity of resonance, the impedance of the
reactive part of the circuit is relatively low and comparable
to r , so that, in that frequency region the loading effect
becomes significant, especially for high values of Q. Hence,
in the vicinity of resonance, V /V -^V /V , and therefore,r . sc \ r ©
the overall shape of these parts of the steady-state transmission 
characteristic of the circuit will be significantly different 
from the corresponding shape for the resonant circuit proper.
In fact, for high values of Q, the loading effect will make 
the crest of the steady-state hump of the circuit significantly 
smaller and flatter than it otherwise would have been. Clearly, 
since pink noise predominantly reveals the driven-state colou­
rations of a system, it seems reasonable to suppose that the 
subjective effect of such steady-state transmission characteris­
tics may well have been noticeably different from those of the 
intended series resonance proper. Finally, it should be pointed 
out that it was the various engineering difficulties associated 
with a series resonance colouration synthesizer that led the 
present investigator to use a parallel resonant system (Section 
4.3).
From a theoretical point of view, the explanations which 
Harwood has given in relation to the overall shapes of his 
|N/Rj versus reverberation-time curves for the various reso­
nance frequencies and subjective levels are brief and not very 
clear. Nevertheless, they will now be discussed.
After a general description of his graphical results for 
the in-phase condition, he wrote:
’’Now the theory of loudness summation indicates that the
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signals inside the critical bands are summed by the ear, and
the bandwidth in all cases falls within this category. It 
would, therefore, be expected that the slope of the dilution
be confused with the meaning of the term as used by the present 
investigatorJ curves versus reverberation time would be at 
lOdB/decade."
He then pointed out that the slopes of his graphs were 
not at the lOdB/decade rate and wrote:
"The only conclusion that can be drawn is that for this 
type of signal the summation is not of the r.m.s. type, and 
that the exponent is even more pronounced at both extremes of 
the audio frequency band."
Now, although it is clear that Harwood’s theoretical 
reasoning and the relevant conclusion drawn from it are embo­
died in the first and second sentence of the foregoing quotation 
respectively, the relationship between the contents of these 
two sentences is not so clear. However, since the statement 
made in the second one of the two sentences is unambiguous,
it will be used in order to propose the details of the theore­
tical reasoning which Harwood may have had in mind. The reason 
for undertaking such a discussion should become clear in due 
course.
The sentence in question reads: "It would, therefore, be
expected that the slope of the dilution £i.e., the ratio |M/R0 | 
in Harwood's easel curves versus reverberation time would be 
at lOdB/decade". In other words, Harwood maintains that for a 
given resonance frequency (which makes the reverberation time 
proportional to Q) the ratio |Rq /n |2 , should be directly propor­
tional to the Q of the resonance.
Let us consider the summing junction (a hybrid coil in 
Harwood’s case) at which the signal contributions from the 
resonance and natural channels |Rq| and |N|, are added together. 
This is represented schematically in Figure 8.13#
If we let the spectral power densities of the "pink noises"
in the natural and resonance channels to be p and p at then r
the Q ’s which have been used in this experiment are such that
£which Harwood used tomean the ratio I N/Rol and should not
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Figure 8*13
o
Col
frequency of the resonance, then provided the input impedances 
of the two inputs of the mixer are identical,
P 
P
£ = |R0/N|   8.25
n
Furthermore, if we approximate the shape of the resonant hump
to a rectangle of width B, then the spectral power of the
resonance contribution P , within the bandwidth of the resonancer
B, becomes:
Pr = Pr • B = pn . B . |Rq/n |2   8.26
In addition, if we let the width of the critical band which is 
centred upon the resonance frequency be ¥, then the spectral 
power contribution of the natural signal within that bandwidth 
becomes:
P = p * W ‘ ***** 8.27n n
Incidentally, the justification for using the spectral power
density of pink noise, taken at a certain frequency, in order
to calculate the spectral power of the noise within geometrically
related bandwidths centred upon that frequency was given in the
text which lies in the vicinity Of equation 8*5->
Now, if we assume that the summing device adds the spectral
powers of its two input signals, then the spectral power of
the coloured signal P , within the width of the critical bando
in question becomes:
P = P + P„ ..**.8*28c n r
and therefore, from equations 8*26, 8*27 and 8*28,
PC = Pn ' W + pn • B • I V H *  ....  8 '29
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p
and, p2 = 1 + | |Hq /n | 2 ....  8.30
n
But, 7~ = n ....  8.31
o y
and, j- = rf- - j=- = 2('+1/'6^- = 0.232 ... 8.32
0 0 0
because, W = - f^ » is one third of an octave wide approxi-
2
raately, and f = f^ . Therefore, from equations 8.31 and
8.32,
B 4 • 3 r r r rw  =  I T    8 '33
From this and equation 8.30, we get:
r  - 1 + ¥  I V * I “   8 *34n
P -  P AP . ,c n n 4*3 In /m|2 o
or — = ~  = Iro/n i   8'35n n
The spectral power of natural pink noise P , per critical
hand is a constant. Furthermore, if we apply the assumption
which, was made by the present investigator in connection with
his own theoretical reasoning (Section 8.4.1) to equation 8.35>
i.e., that for a given resonance frequency and subjective level,
the change AP , in P does not exceed a certain amount, thenn n
at that subjective level, the left hand side of equation 8.35 
becomes a constant, and therefore, Q becomes directly propor­
tional to |rq/n |2.
But, the validity of equation 8.28 which was a crucial 
step in the course of the previous argument is questionable.
If we apply this equation to the prevailing amplitude .
levels at the frequency of the resonance, then provided that 
the summing device is properly terminated, so that, the impe­
dances of its two inputs become the same as that of the load 
at its output,
icol2 = KT + h i2   8*36
from which |Ho| 2 = 1 + |Rq/N|2   8.37
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On the other hand, the corresponding relationship which Harwood 
appears to have used in his graphs (although he does not expli-
This equation stems from the relationship:
which is clearly different from equation 8.36 and states that 
the summing device adds the amplitudes of the signals at its 
inputs and not their powers. In fact, the intended operation 
of a hybrid mixing coil is:
where K is a constant. Clearly, equation 8.38, which appears 
to have been used by Harwood for computational purposes and 
equation 8.37, which was necessarily used (in the form of 
equation 8.28) by the present investigator with the aim of 
establishing an underlying theory for Harwood’s foregoing state­
ment are imcompatible. Therefore, since equation 8.38 is valid, 
it follows that the theoretical argument which has been out­
lined cannot be right. Furthermore, apart from the shortcomings 
of the previous line of argument, the present investigator 
cannot see how the direct proportionality of the Q of the reso­
nance to the ratio |Rq/N|2 can be justified, on theoretical 
grounds, from any other viewpoint.
So far as the anti-phase condition of the resonance is 
concerned, Harwood does not give any theoretical explanation 
for the shape of his |n /Rq| (in dB) versus log of reverberation- 
time graphs. In this respect, he merely wrote:
”It is clear from the curves that the summation of energy 
in the resonance bands is very different from that for the 
in-phase condition.”
1
8.4.3 Speech and Music
For reasons of overall clarity, one aspect of the speech
citly say so) in order to calculate the magnitude of |Hq| 
from given values of |Rq/Kj is:
lHol =1 + IV NI 8.38
lCol = K( lRol +M ) 8.40
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and music results (in connection with Figure 8.6) has already- 
been discussed together with the corresponding pink noise 
results. The remaining aspects of the speech and music results 
will now be discussed mainly at a qualitative level, because 
the spectral contents of these types of programme materials 
cannot be specified mathematically.
An inspection of Figures 9*9 to 9-18 will reveal a number 
of features. Firstly, the shape of any one of the various 
curves reveals some, if not all, of the characteristics of the 
corresponding ’’overall” curve of Figure 8.2. In this respect, 
it should be remembered that since revelation of all the 
features of the ”overall” curves of Figure 8.2 depends upon 
the range of objective parameters investigated and the spectral 
characteristics of the programme used, one should not necessa­
rily expect all of these characteristic features to be manifest 
in any given one of the curves. With this in mind, the encir­
cling characteristic of the ’’overall” curve for the anti-phase 
condition can be seen in the 250Hz curve for speech and the 125 
and 250Hz curves for music of Figures 9-12 and 9-14 respec­
tively. It can also be seen that although the remaining curves 
for positive dilutions do not actually encircle themselves 
within the range of parameters covered, the tendency to that 
effect outside the range of parameters is evident in the case 
of most of the curves.
The characteristic turn-over which should occur in the 
overall shape of the graphs for negative dilutions can also be 
seen in most of the relevant curves. It should be noted that 
the shapness of the turn-over varies for different resonance 
frequencies, programme materials and, in particular, for diffe­
rent subjective levels. This feature can be seen with greater 
clarity in Figures 8.14 to 8.16 which are for speech, and have 
been reproduced, in a different form, from the graphs of Section 
9. It should also be noted that the resonance frequencies of 
the curves shown in Figures 8.14 to 8.16 are those which 
correspond with the frequency range where speech has its maximum 
spectral energy content (Meares, 1973) and also with the range 
of frequencies at which dominant colourations have been reported
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to occur in small talk studios and rooms (Gilford, 1959)*
These Figures show that for a given resonance frequency, as the 
subjective level of colouration detectability becomes less 
critical, the sharpness of the turn-over in the negative dilu­
tion curves decreases. This characteristic, expressed in a 
more general way, also applies to the positive dilution curves. 
That is to say, the rate of change of slope of the curves, 
especially in the vicinity of a turning point, increases as the 
subjective level becomes more critical. From a subjective point 
of view, this means that the transition from one type of colou­
ration to another, e.g., from humps in the driven-state response 
of the system to decaying oscillations in its transient-state, 
as in the case of negative dilutions, becomes more dependent 
upon the Q value of the resonance as the subjective level becomes 
more critical. It also means that one’s ability to distinguish 
between different types of elementary colourations progressively 
improves as the subjective level becomes more critical.
The levelling-off, or limiting, in the value of dilution 
which occurs at the high-Q end of the graphs for negative dilu­
tions is another characteristic feature of the curves. This 
can be seen, for example, in some of the relevant curves of 
Figures 8.14 to 8.16, and the reason for it was given in Section 
8.3-7.
The slope of the Comfortable Acceptability CA, curve for 
negative dilutions in Figure 8.15 is also of some interest. The 
downward slope simply means that under those parametric conditions 
the transient-state colourations of the system are much more 
dominant than the driven-state variety. But, in view of the 
fact that the slope of that curve, and those of a number of other 
curves which can be found amongst the speech and music Figures 
of Section 9, are in the opposite sense to those of the pink 
noise curves, or for that matter, to those of some of the other 
curves for speech and music, it follows that if the range of 
objective parameters and the types of programme materials which 
were investigated had been too restricted, the existence of 
these opposing slopes may not have been observed, and therefore, 
inaccurate or at least incomplete conclusion could have been
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made#
One of the most striking features present in all of the 
Music, and especially, speech Figures of Section 9 is that the 
250Hz curves for negative as well as positive dilutions are 
generally the most critical ones within their respective sets*
This is most probably due to the subjective effect of the fre­
quency shift phenomenon and there are a number of reasons which 
support this statement. Firstly, 250Hz, corresponds with the 
frequency range where the differential limen (in Hz) for pitch 
discrimination attains a minimum value (Shower and Biddulph,
1931)* Secondly, since the spectral energy contents of speech 
and music are fairly uniform over the frequency range of 125 to 
500Hz (Keares, 1973), and the 125 and 500Hz curves are, in 
general, less critical than the 250Hz curves, the criticality 
of the .latter curves cannot be explained in terms of the spectral 
energy contents of the programme# Thirdly, the pitch shift 
effect also offered a satisfactory explanation for a related 
anomaly which was mentioned during the course of the discussion 
on the pink noise results* Finally, as it will be seen in 
Section 8#5, there is yet another anomaly which can also be 
explained in terms of the frequency shift phenomenon.
From a practical point of view, the Q values of the maxima 
and minima of the curves for negative and positive dilutions 
respectively are of particular interest# This is because, at 
these points the magnitude of the resonance contribution, and 
hence, that of the hump in the amplitude/frequency response of 
the system, attains its greatest value relative to those at the 
other parts of the given curve* These "critical"-Q values plotted 
as a function of resonance frequency can be seen in Figure 8*17#
In view of the lack of sharpness which is evident in the maxima 
and minima of a large number of the relevant curves of Section 
9, the critical-Q values shown in Figure 8#17 should be consi­
dered as estimates and used in conjunction with their correspon­
ding curves. Nevertheless, Figure 8.17 reveals a number of 
features. Firstly, the critical-Q values for speech are generally 
smaller than those for music which means that, broadly speaking, 
speech is more effective in revealing the transient-state
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colourations of the system. The converse of this conclusion 
applies in the case of driven-state colourations. The reason 
for this is that for a given resonance frequency, a decrease 
in the value of Q leads to a reduction in the reverberation- 
time of the decay, and therefore, the audible effect of the 
transient-state colouration which would have otherwise exceeded 
the particular subjective level becomes coincident with that * 
level. In view of this, the converse of the argument should 
also be evident. Secondly, Figure 8.17 shows that apart from 
the negative dilution critical-Q values for 250Hz, the remaining 
ones show overall increases as the resonance frequency is inc­
reased. This is because, an increase in the frequency of the 
resonance leads to a decrease in the reverberation-time of the 
decay, and therefore, the Q of the resonance can increase in 
order to increase the decay time of the resonance, and hence, 
restore the status quo. In this respect, it should be remembered 
that a two fold increase in the frequency of the resonance does 
not necessarily imply an identical increase in the value of Q, 
because there are other factors, like the dilution of the system 
and the spectral contents of the programme, which also effect 
the audibility of transient-state colourations# The relatively 
low values of critical-Q which occur for the 250Hz curves of 
negative dilutions can be explained in terms of the frequency 
shift phenomenon. As the Q value of the maximum decreases the 
corresponding reverberation-time of the resonance also decreases, 
and therefore, the frequency shift becomes potential^ less 
audible. On the other hand, decreasing the value of Q will 
increase the actual magnitude of the frequency shift and this 
will in turn make the pitch change potentially more audible.
But, if one assumes that a substantial reduction, especially 
at.low values of Q, in the duration of the transient decay, 
which also affects the audibility of the pitch change, more 
than compensates for a slight increase in the magnitude of the 
frequency shift, then the previous explanation becomes plausable. 
In this respect, it may be pointed out that although a reduction 
from 4 to 2 in the value of Q at a frequency of 250Hz will more 
than halve the reverberation-time of the resonance to a figure
8.52
of 15msec. (equation 3*130), the corresponding increase which 
will occur in the magnitude of the frequency shift will only 
be of the order of 3£ to 12^ depending upon the value of |dJ 
(Equation 3*132). However, the absence of these relatively 
low critical-Q values at 250Hz in the positive dilution curves 
of Figure 8.17 is puzzling, although they might be omissions 
brought about by the coarseness of the dilution intervals which 
were used during the investigation in order to reduce the total 
duration of the subjective tests.
Finally, Figure 8.17 shows that for a given resonance fre­
quency and subjective level the critical-Q values for the positive 
dilution curves are, in general, less than the corresponding 
values for the negative dilution curves. In view of the fore­
going discussion, this means that, for some reason, the transient- 
state colourations of the anti-phase conditions are potentially 
more audible than those of the in-phase conditions. The reason 
is most probably the fact that, for the anti-phase, conditions, 
the amplitude step or dilution is in the opposite sense to that 
which one would expect in view of cultural training. In other 
words, the initial level of the transient decay is greater than 
the amplitude level at the end of the driven-state. Since this 
initial level potentially increases the audibility of the tran­
sient decay, a reduction in the duration of the decay, instigated 
by reducing the value of Q at the turning point of the curve 
becomes a necessary compensatory measure.
8.4.4 Comparison of the Speech and Music Results With Those of 
Other Investigations_______   ___
So far the music results are concerned, the present investi­
gator has not been able to find any other similar investigation 
for comparative purposes. But, there has been an investigation 
by Yamamoto (1965), using speech as the programme material, 
whose results can be seen in Figure 2.1. Yamamoto's results do 
not agree with those obtained from the present investigation 
and a possible reason for this disagreement has already been 
given in Section 2.1.
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In a paper by Gilford (1959), which has also been discussed 
in Section 2.1, it has been reported that the frequencies of 
dominant colourations which were subjectively detected in a 
number of studios, using male voice as the programme material, 
lay in the range 100-175Hz with a subsidiarjr maximum at 250Hz.
If one ignores the other objective parameters of a single reso­
nant system, then, broadly speaking, the results of the present 
investigation are in agreement with Gilford's observations.
However, it should be noted that Gilford's results represent 
the combined effect of two separate factors, only one of which 
applies to the results of the present investigation. Firstly, 
there are acoustical conditions, prevailing in small rooms which 
make low frequency colourations potentially dominant (Section 
2.1). Secondly, there are psychoacoustical factors which deter­
mine the range of frequencies where colourations are potentially 
more noticeable. It is this range of frequencies which the 
present investigation has been able to identify. The fact that 
these two ranges of frequencies appear to be approximately the 
same is an unfortunate coincidence for architectural acousticiansi
8.4.5 The Subjective Effect of the Relative Phase/Frequency 
Response of the System._____   r
In general, the effect of phase response variations within 
a processing system upon the timbre of a programme material has 
been the subject of controversy since the publication of 
Helmholtz's well known thesis "On the sensations of tones" where 
he claims that phase does not influence timbre.. So far as the 
present investigation is concerned, since the phase/frequency 
response of a parallel resonant system, as shown in some of the 
graphs of Section 3, exhibits local irregularities in the vicinity
t
of the resonance frequency, one might expect these local irre­
gularities to be another elementary cause of colouration.. How­
ever, in view of the fact that the results of the present inves­
tigation have been satisfactorily explained in terms of the other 
elementary causes of colouration, one can safely assume that the 
subjective effect of these local irregularities is negligible
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if not absent in the first place.
8.5 Adjectival Descriptions or Comments
The following text applies to Figures 9*19 to 9*47* Since 
the comments which were used by the subjects are merely descrip­
tions of the tonal characteristics which were perceived by them, 
the present discussion can only be aimed at pointing out the 
important aspects, and in particular, the ranges of objective 
parameters which give rise to the various tonal characteristics. 
To this end, a summary of the most significant ranges of objec­
tive parameters has been given in Table 8.1 which should be 
of comparative and practical use.
There were a number of guide lines and assumptions which 
were used in order to compile Table 8.1. The range or region 
of resonance frequencies fQ, and Q which appear in the second 
and third columns of the table are approximately those which 
apply extensively, if not always, to the relevant programme 
materials and the two phase conditions of the resonance. The 
fourth column indicates, in the order of significance, the 
programme materials which can clearly exhibit the tonal charac­
teristic in question. In this case, the magnitude of area 
under the various curves, as indicated by the arrows, has been 
used as the guiding factor. The fifth column of the table shows 
the most probable objective causes for the various tonal charac­
teristics. These causes were mainly determined by examining 
the range of dilution values applicable to each comment. For 
example, in Figures 9*19 to 9*21 which are for Bassy, it can 
be seen that all the curves are confined to ranges of dilution 
values which correspond to the existence of a hump in the overall 
steady-state amplitude/frequency response of the system. There­
fore, one may conclude that Bassiness is caused by humps.
The conditions are more involved in the case of most of 
the other comments. An inspection of Figures 9-41 to 9*43 which 
are for Ringing, will show that although all the curves are 
confined to high values of Q, the applicable ranges of dilution 
values in the case of the speech and music curves correspond
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to humps, dips as well as flat frequency response cases. Now, 
since these transmission characteristics are opposing conditions 
to one another, it is reasonable to suppose that Ringing or, in 
general, any comment which exhibits such characteristics, cannot 
be caused solely by the driven-state conditions of the system, 
and therefore, there must be at least one other basic cause. In 
the case of Ringing, this argument may appear to be superfluous, 
because we know from practical experience that the effect is 
caused by the decaying oscillation or transient-state colouration 
of the system. But, this variety of dilution ranges also exists 
in the case of other tonal characteristics (e.g., Figures 9.32 
and 9*34) whose objective causes have not been clear in the past, 
and so, the observations make in relation to Ringing can be of 
value in determining the basic causes of the other comments.
This point will be taken up later. In addition to the foregoing, 
there are two other observations which lead one to conclude that 
Ringing is caused solely by the transient-state colourations of 
the system. Firstly, all the curves are confined to relatively 
high values of Q, and it has already been shown that driven- 
state colourations are not very influential in that range of Q 
values. Secondly, in Figures 9*42 and 9*43 which are for speech 
and music, the area covered (as shown by the arrows) by the 
graph for any given resonance frequency is generally the same 
as the corresponding areas which can be found in Figures 9*9 to 
9.18, where transient-state colourations are predominant.
There are two other features which should also be pointed 
out. Firstly, in Figures 9*42 and 9*43, although the curves for 
the anti-phase conditions cover dilution values which correspond 
to all of the three possible steady-state conditions of the 
system, the corresponding curves for pink noise, which can be 
seen in Figure 9*41, only, cover the hump cases where the magni­
tude of the amplitude step i.e., |dJ , which occurs at the 
transition between the two states is relatively small, and 
hence, it would have had minimal effect in accentuating transient- 
state colourations. This suggests that in the case of pink noise, 
the driven-state humps would have had a substantial influence 
in generating that tonal characteristic which has been described
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as Ringing. The question is whether the term Ringing refers 
to the same sound in the case of every programme material. In 
retrospect, judging by the investigator's aural memory,' which 
was acquired during the course of the practical stages of the 
project, the answer would be negative. For speech and music the 
sound was a distinctly audible tonal decay, whereas, for pink 
noise it was a continually interrupted tone which can best be - 
described as "whistling" and may well have been caused by the 
hump in the driven-state response of the system.
The other feature which should be observed is that in Figures 
9.42 and 9*43 the area covered by the various curves of each set 
is maximized when the frequency of the resonance is 250Hz. In 
view of the discussion which was carried out in Section 8.4*3, 
this is another confirmation of the notion that the frequency 
shift phenomenon is another basic cause for colourations in 
general, and for Ringing in this particular case.
Let us now consider Figures 9*31 to 9*33, which are for 
Hollow, as an illustrative example for another type of parametric 
value variation. It can be seen that, in general, the curves 
are confined to relatively low values of Q and apart from the 
upper 250Hz curve of Figure 9*32, the remaining curves are con­
fined to ranges of dilution values which corresponds to humps 
in the steady-state responses of the various systems. These 
two observations suggest that it must be the driven-state humps 
which, in the main, generate Hollowness. But, in view of the 
foregoing discussion, the ranges of dilution values which have 
been covered by the upper 250Hz curve of Figure 9*32 imply that 
the transient-state colourations of the system must also be 
responsible for the generation of Hollowness. A similar situa­
tion also exists in Figures 9*34 and 9*35 which are for Honky.
Note the similarity between the upper 250Hz curves of Figures 
9*32 and 9*34 which are for Hollow and Honky respectively with 
speech as the programme material in both cases. This similarity 
implies that these two adjectives must have been used by different 
subjects in order to refer to the same objective cause if not 
the same tonal characteristic. This situation also exists for 
a number of other adjectival descriptions. The dominance of the
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above mentioned 250Hz curves over the remaining curves of their 
respective sets makes one wonder whether the frequency shift 
effect could not be another basic cause for Hollowness and 
Honkiness.
Figures 9*25 and 9*26 which are for "Close" and "Distant" 
are also of interest, because the terms have only been used at 
the lowest Q value of 3* In view of this, and the substantiated 
assumption that driven-state colouration proper only applies when 
the bandwidth of the deviation or approximately that of the reso­
nance is smaller than or approximately equal to one critical 
bandwidth of the ear, i.e., Q ^4*3, one can infer that these 
adjectives do not imply the existence of tonal colourations*
From the summary of results, given in Table 8.1, one may 
generalize and state that for low values of Q, a particular comment 
is used in order to describe the tonal characteristic which is 
generated by colourations lying within a certain range or region 
of frequencies. These tonal characteristics can be attributed 
to the presence of the driven-state hump. A similar condition 
also applies for high values of Q where the tonal characteristics 
can then be attributed to the transient-state colourations of the 
system. In addition, there are certain tonal characteristics, 
e.g., Honky, whose subjective effects are more pronounced at 
intermediate values of Q. Finally, as a single broad genera­
lization, one can say that resonance frequencies in the region 
of 250Hz produce the greatest variety of tonal characteristics.
8.6 Conclusions
The discussions which have been carried out in the previous 
Section may now be summarised in terms of a number of general 
conclusions which should be of theoretical and practical interest.
1. There is evidence which suggests that subjectively generated 
tonal colourations do exist, but so far as the overall audibi­
lity of the effect is concerned, these colourations play a 
marginal role in comparison to the objectively generated 
variety.
2. The main objective causes of colouration can be classified
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as follows:
a# Driven-state colourations, which in themselves consist of 
three elementary causes. These are the hump or dip and 
the step which occur at resonance in the overall amplitude/ 
frequency of the system. It should be noted that the step 
only occurs in the case of a parallel resonant system.
b. Transient-state colourations, which are caused by the decay­
ing oscillation which the resonance generates.
c. Inter-state colourations, which consist of two elementary
causes. One of them is the frequency shift which arises 
from the transition from the driving frequency of the pro­
gramme material to the frequency of the decaying oscillation. 
The other one is the amplitude step or dilution which occurs 
at the transition from the driven-state' to the transient- 
state of the system.
3*. From a subjective point of view, the degree of audibility
of colouration depends upon the objective parameters of the 
system and the spectral mark-to-space ratio of the programme
material. Broadly speaking, pink noise mainly reveals the
driven-state.colourations of the system, while speech tends
to be more critical in revealling the transient-state and 
inter-state colourations of the system. . In relation to 
pink noise and speech, music appears to occupy an intermediate 
position which is noticeably biased towards that of speech.
4. The ability to distinguish between the various basic types 
of colourations also depends upon the subjective level of 
judgment. This ability improves as the subjective level 
becomes more critical. In fact, transient-state and inter­
state colourations are potentially more noticeable in the 
vicinity of the absolute threshold level of colouration 
detectability.
5. The adjectives which are used in order to describe the tonal 
characteristics of coloured sounds can be classified into 
three groups. The first group of adjectives refers to tonal 
characteristics which have been imparted mainly by driven- 
state colourations, while the second group describes the 
tonal effect of transient-state, and possibly, inter-state
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colourations. The third group refers to those tonal charac­
teristics which are caused b3^ the driven-state as well as 
the transient-state colourations of the system on a com­
parable basis. In addition, each adjectival description 
generally refers to a particular range or region of resonance 
frequencies.
6. For speech and music, which are the most commonly used types 
of programme materials, there are, broadly speaking, three 
ranges of the objective parameters whose colourations are 
potentially more noticeable than the rest. These ranges 
are firstly, resonance frequencies which lie in the range 
125 to 500Hz approximately, and in particular, in the region 
of 250Hz where the pitch shift effect has its greatest 
influence. The other two ranges are the low and high values 
of Q, i.e., Q's less than 10 and greater than 50 approxima­
tely, where driven-state and transient-state colourations 
are very pronounced respectively. In this respect, it 
appears that for a given value of dilution, moderate contri­
butions of driven-state and transient-state colourations, 
as prevalent at intermediate values of Q, are potentially 
less audible than cases where either one of the two types 
of colourations has a dominating influence.
8.7 Possible Lines of Further Investigation
As a result of the outcome of the present research, there 
are three lines of investigation which could be carried out at 
future dates.
1. It would be interesting to compute the exact form of the 
type of function which has been suggested in equation 7.1. 
This should enable one to establish the relative importance 
of the various objective parameters to a greater extent 
than it has been possible with the graphical method.
2. A repetition of the present investigation (over a more 
restricted range of parameters) at different loudness levels 
should reveal the significance of loudness as another para­
meter. The results thus obtained could also be used to
8.60
test the validity of the proposed energy theory.
3. The basic assumption of the energy theory, as applied to 
driven-state colourations, has been that the extent of 
spectral power modification within one critical bandwidth 
equivalent of the programme should not exceed a certain 
threshold level. When this modification is caused by a 
hump, for example, it follows that the addition of a sui­
table dip within the same bandwidth should in principle 
cancel the effect of the hump, and hence, make the coloura­
tion, or to be exact, the driven-state colouration inaudible. 
In this respect, Harwood (1969-’73) who has been designing 
loudspeakers for many years reports that, generally speaking, 
when the amplitude/frequency response of a loudspeaker 
exhibits a local hump which is immediately followed by a 
dip of comparable size, then the-subjective effect of the 
combination is more acceptable than that of the hump alone.
In view of this, it should be instructive to carry out an 
investigation aimed at studying the interacting effects of 
two closely spaced local resonances. If the outcome confirms 
the foregoing prediction, then it means that, in practice, 
one can add a second resonance in order to make the one 
which is already present less audible. In the case of rooms 
in particular, this may prove to be a feasible alternative 
if not an easier procedure than trying to control the sub­
jective effect of the colourations with frequency selective 
absorbers.
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APPENDIX 1
THE SILENT SWITCH
by K. Moulana, B.Sc.
University of Surrey/BBC Research Department
-pair comparison!
Design and printed circuit construction details are given for an f.e.t. electronic sw itch  designed to  
m eet stringent requirements. V .
During the course o f a project the need 
arose for a silent switch with the follow­
ing specification: an on/off ratio greater 
than 70dB; a switching time as fast as 
possible without introducing any audible 
transients; remote . control switching 
facility by means o f a single, mechanically 
silent on/off switch; output clipping level 
not less than +  lOdBm into 600 ohms; 
overall unity gain into 600 ohms; an input 
impedance greater than 50kQ over the - 
frequency range 30Hz to 15kHz; output 
impedance of 600 ohms ±2%  over the 
above . frequency range; amplitude/fre­
quency response ±0.2dB over the above 
frequency range; hum and noise not 
greater than — 70dBm over a 15kHz 
bandwidth and a total harmonic distor­
tion not greater than 0.5% and void of 
high order harmonics.
A preliminary survey showed that a 
unit satisfying the above requirements 
was not readily available on the market 
'and, therefore, one had to be designed. 
However, before the actual design pro­
cedure which was adopted is outlined, a 
brief study of the underlying requirements 
may serve as a useful introduction. ■
When a programme is switched by 
mechanical means, transients o f two 
different kinds are transmitted through 
the system. The first type is caused by the 
rapid change in the d.c. at the point of 
switching which of course leads to an 
audible thump. The second and less 
objectionable variety is the result o f '  
terminating an a.c. signal when its wave­
form is not passing through zero.
In order to eliminate transients caused 
by changes in d.c. levels, either the signal 
carrying part o f the circuit must be . 
electrically isolated from the switching 
section, or measures must be taken to 
ensure that the d.c. biasing potentials 
remain unchanged at the instant of 
switching.
• In the past, the majority of transient 
free switches employed a light-sensitive 
resistance as the signal carrying element, 
and the luminance of a lamp to control 
the degree o f attenuation required. The 
main disadvantage o f light-operated
switches is that they are not fast enough, 
because an incandescent lamp has a 
decaying luminance, after the current 
through it has been stopped. In fact, the 
decay rate is inversely proportional to the 
normal standing current through the lamp; 
even with low current lamps the decay 
time is too long. Up to now, such switches 
have, in addition, suffered from poor on/ 
off ratios whenever small size, low 
current and hence low power lamps have 
been used. It should be pointed out that 
in recent years light emitting diodes have 
also been used instead o f incandescent 
lamps.
The other group of silent switches or 
electronic attenuators often used may be 
conveniently classified under the heading 
of d.c. modulators. Such circuits are 
essentially amplitude modulators under 
various disguises. The programme signal 
is injected into the otherwise carrier input
Ei O
Fig. 1. An f .e .t. used as a voltage ' v  
controlled resistor.
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and a d.c. potential is used instead o f the 
modulation signal to control the amplitude 
of the programme. Basically, these circuits 
make excellent electronic attenuators over 
a finite range, and with additional refine­
ments high on/off ratio switches can be 
designed. Unfortunately, the use of the 
above technique tp achieve the desired 
specification would have resulted in a 
fairly complex circuit unless integrated 
circuits were employed. Furthermore, 
during the designing stages (two years ago) 
the author could not find any i.e. modu­
lator or attenuator that would meet the 
requirements. Therefore, the only feasible 
alternative was to use an f.e.t. as a 
voltage controlled resistor which in fact 
constitutes the basis o f the present design.
If an f.e.t is biased near the origin of 
its output characteristics, the channel 
behaves like a pure resistance whose value 
is a function of the gate voltage. In other 
words, the device becomes a voltage con­
trolled resistor. With suitable circuit 
arrangements, this property can be put 
to use as the basis o f a transient free 
switch.
Essentially, an f.e.t. is used in con­
junction with a resistance to form a 
voltage controlled potential divider shown 
in Fig. 1. When die f.e.t. is conducting, 
VGS is zero and the channel resistance, 
rDS, is a minimum and therefore:
E0 (on) R,
E, R L +rDS min.
If VGS is greater or equal to the pinch- 
off voltage of the f.e.t, rDS becomes a 
maximum and thus:
E0 (off) 
&
Rl
R L+ r DSmax.
Fig. 2. Biasing arrangement fo r  a 
symmetrical junction f.e .t.
For a 2N3819 junction f.e.t., rDS (min) 
and rDS (max) are of the order of 100Q 
and 10MQ respectively. If  RL is set at 
3.3kQ, an on/off ratio of 70dB is achieved 
for the voltage controlled potential divider.
Let us now consider the biasing 
arrangement for the f.e.t. If the device is 
biased at the origin of the output charac­
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teristics, the a.c. signal will swing 
symmetrically about that point, implying 
that the output characteristics o f the f.e.t 
must be symmetrical about the origin over 
the working range required. A symmetrical 
junction f.e.t. fulfils this requirement for 
small excursions about the origin of its 
characteristics.
Fig. 2 shows the basis of the biasing 
arrangement for a symmetrical junction 
f.e.t. The source and drain are both held 
at 12V through R 32 and R 3S because the 
drain current is zero. When point KA is 
open circuited or at 12V, VGS becomes 
zero because the current through R31 is 
zero, and the f.e.t is switched on. The 
function of D s is to protect the gate 
against excessive forward bias. Taking KA 
to a voltage greater than the pinch-off 
voltage of the device, switches the f.e.t. off. 
In the actual circuit, point KA is in fact 
taken to earth. -
So far as signal transmission is con­
cerned, point F should ideally be at a.c. 
earth. In practice, the resistive path 
between F and true earth must be very 
small in comparison to R32 at the lowest 
frequency of interest, because the two 
form a potential divider between the 
input and true earth, and hence a fraction 
of the a.c. signal always present at the 
input leaks through to the output via R3S 
thus reducing the on/off ratio. In the actual 
circuit, a 5000pF capacitor couples F to
Fig. 3. Complete circuit fo r  one channel~ 
o f a stereo pair. Parts enclosed in the 
broken line are repeated fo r  the B  
channels. Points marked with identical 
letters are connected together. Circled 
numbers refer to pin connections and  
operating voltages as shown in the table 
o f  voltages.
earth giving a theoretical leakage factor 
of about — 70dB at 40Hz.
Using a single f.e.t., signals o f the order 
of — 30dBm can be passed without 
exceeding the distortion limit when the 
device is conducting. For larger swings, 
the incremental value of the channel re­
sistance will no longer be the same as its 
d.c. resistance. In other words, the 
channel resistance will change during the 
actual a.c. cycle which of course leads to 
distortion. The effect can be minimized 
by using two complementary f.e.ts in 
parallel so that the change in the channel 
resistance of one" is compensated by; the 
other hence reducing changes in the total, 
resistance during the a.c. cycle. The com­
plementary changes in resistance is due to 
the fact while one f.e.t. is, forward biased, 
the other is reversed biased and the incre­
mental value of the channel resistances are 
in the opposite sense for the two biasing
©
■vw
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modes. The use of a complementary pair 
of f.e.ts was found to increase the signal 
handling capability by some 20dB.
Fig. 3 shows the complete circuit of the 
stereo silent switch. Transistors Tru  and 
TrJS form the switching elements for the 
A channel o f a stereo pair, while Tr16 and 
Tr17 serve the A channel of a second stereo 
pair. The circuit for the B channels is 
identical to that enclosed by the broken 
lines. Resistances R31, R32 and RJ} main­
tain the drains and sources of the four 
f.e.ts at about 12V. Resistor R3S also acts 
as the a.c. load for both A channels. When 
points HA and KA are at about 12V, f.e.ts 
Tr16 and TrJ7 are switched on, and the sig­
nal present at their sources is developed 
across R33. When point HA is at 24V and 
KA is at zero volts, VGS for both Tr16 and 
TrJ7 becomes greater than their correspond­
ing pinch-off voltages and, therefore, they 
are both switched off. Furthermore, at any 
given time if Tr16 and 7Vi7 are conducting, 
Tru  and TrI5 will be cut off and vice versa. 
Therefore^ the signal developed across R35 
is either that belonging to the A channel of 
one stereo pair or the corresponding signal 
of the other stereo pair. The advantage of 
this arrangement is that only one subsequent 
amplifier (consisting of TrIS to Tr2I) is re­
quired for two independent channels. How­
ever, the required d.c. switching for f.e.ts 
7V/tf and TrI7 is done by means of the 
phase splitter Trs which itself is driven by 
the differential amplifier consisting of tran­
sistors TrJt Tr2 and 7V,. When Tr16 and 
TrJ7 are on, Tru  and T rls should be off and; 
therefore, points NA and PA are driven by 
the phase splitter Tr10 which is in turn driven 
in opposition to Trs by the differential 
amplifier.
The remaining a.c. carrying part o f the 
circuit is fairly straightforward. The two 
input signals present on the bases of tran­
sistors TV72. and TrJS are attenuated by 
20dB before entering the switching elements 
in order to reduce harmonic distortion. 
The switching mode ensures that only one 
of the two input signals appears across R3S. 
The amplifier that follows the switching 
elements compensates for the initial 20dB 
attenuation and therefore maintains the 
overall unity gain required. The amplifier 
proper is of the class A push-pull variety, 
the operation of which has been explained 
frequently in the literature.
The d.c. switching and indicating sec­
tion was designed to operate by means of 
a single on/off switch S, which could also 
be paralleled with a second on/off switch 
to. facilitate remote control switching. The 
differential output state of the amplifier' 
TV/ to Tr3 is governed by switch S, pro­
vided the base of Tr2 is connected to the 
junction of R3 and R 4. This corresponds 
to linking pins 7 and 8 on the printed cir­
cuit board. Alternatively, the switching’ 
/xould be done by an external d.c. signal of 
about 4 -5  volts negative with respect to 
the 24V supply rail. In that case, the 
switching voltage should be applied directly 
to the base of Tr2 with pins 7 and 8 isolated 
from each other. The magnitude of this 
switching voltage was chosen with t.t.l. 
compatibility in mind.
Lamps Lj and L2 are indicators for the
Component list
Resistors: 1/8W, + 2% unless otherwise stated.
Rj & R2 lOkQ R23 150kQ R39 560kQ + 5%
R3 30kQ R24 330kO + 5% R40 . 220kO
R< 82kO R25 150kO . R41 27kO
Rs 1.5kO R26 330kO + 5% R42 lOOkORg & R7 15kQ r27 4.7kQ R43 47kO
r8 lOkO R28 - 680Q R44 2.2kO
r9 5.6kQ R29 4.7kQ R45 18kO
Rio 3.9kO R30 6800 R46 lOOkO
Rn |W ,1600 ±5% R31 & R32 3.3kQ R47 5600
Rl2 1W,2700±5% R33 & R34 10MQ+10% R48 270
RlS |W ,1600±5% R35 3.3kQ R49 & R50 4700+10%
Rj4 1W,270Q±5% r36 & r37 10MQ± 10% R51 lkO+10%
R15 ~R22 120k0 R38 680kO+5% R52 lOOkO+10%
r53 : 100O±J0%
Capacitors:
Or 5000pF/12V Q  & C7 50pF/12V On 33pF
c2 lpF ' C, 4pF/25V C12 50jjF/12V
Or 30pF/6V Cp lpF Cl3 100pF/25Vc4&cs 4pF/25V Qo 10pF/12V . CJ4 500pF/25V
Semiconductors:
A BZY88, C3V3 TV, & Tr6 2N930 TrI6 2N3820
d 2-d 5 1N916 Tt7 2N2219A Tr„ 2N3819
Tr8-Tri3 . 2N930 Tr]8 2N3702
Tri—Tn 2N3702 Tru 2N3820 Tri9—Tm 2N930
Tr4 2N2219A Trls 2N3819
Lamps
Lj & L2 6V, 40mA
two stereo-pair programmes. When S  is 
open, L } lights and signals present at input 
pins 4 and 13 pass through to the output 
pins 2 and 12 respectively. Conversely, 
the closed position of the switch corresponds 
to L 2 lighting and the signals at pins 5 and 
14 appearing at output pins 2 and 12 
respectively.
Finally, the lp F  capacitor C2 is used to 
reduce the change-over speed at the output 
of the differential amplifier. In this way, 
i transients otherwise generated by rapid 
switching of the a.c. signals are subjectively 
eliminated. Note that this capacitor alone 
determines the switching speed of the 
complete unit.. v
Construction
All components of the stereo silent switch 
except the two lamps and switch S  are 
mounted on a printed circuit board shown 
in Fig. 4. The corresponding component 
layout is outlined in Fig. 5 which is immedi­
ately followed by relevant explanatory 
notes and the line-up procedure.
During assembly, it should be observed 
that the capacitor C2 is not in physical con­
tact with the resistor R}2 because the latter 
generates a certain amount of heat.
The length of the wires connecting switch 
S  to the circuit are not critical. In fact, the 
circuit operates satisfactorily with remote 
control wires ten meters long. However, 
should the casing o f switch S  chosen be 
connected to any one of its pins, measures 
must be taken to eliminate the possibility of 
an inadvertent contact between the casing 
of that switch and earth. Otherwise, either 
a short circuit is created across the d.c. 
supply line, or a 21V reverse bias will be 
imposed across the base to emitter junction 
of To.
Operating voltages 
Point S  open
1 ,3 ,6  & 11 ^
7
8
9
10 
15 
C 
D 
E 
F 
G
HA & HB
I
J
KA & KB
L
M
NA&NB
O
PA&PB
Q
R
T
U
V
a -
f
g
h .
m
n
q
r
t
u
17.6
17.6 
24.0 
17.8
18.3
10.7
23.7 
11.9
0
0.14
11.4 
24.0
12.4 
0
11.4
0 Volts
24.0
20.8
21.9
11.8
S  closed
24.0
24.0 
17.8
24.0
21.4 
0
12.4 
0
11.9
11.4 
24.0
11.4
23.7
10.7 
0.14
23.4
0.43
12.3
10
23.0 
11.5
8.8
1.14
19.4
14.8
12.1
11.8 
11.8
11.8
14.7
12.3
10
23.4 
0.43
Performance tests
Objectively, the unit meets the required 
specification initially outlined. Total har­
monic distortion, for example, is in fact 
less than 0.2% from 30Hz to 15kHz for 
an output level o f +  lOdBm into 600Q. 
The distortion is predominantly second 
harmonic and its magnitude decreases 
with reduction in the output level.
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Fig. 4. Printed circuit layout o f  silent 
switch.
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Fig. 5. Printed circuit component layout.
The d.c. switching and indicating section com­
ponents are placed in the middle of the board. Com­
ponents belonging to the signal carrying parts of the 
circuit are positioned to the left and right of the 
board for the A and B channels respectively.
External Connections. Connect points marked X 
| to each other as indicated. DO NOT connect points 
> Y at this stage. Connect the following:
: HA to HA, KA to KA, NA to NA, PA to PA, FA to 
FA, ZA to ZA, etc.
L ' ■ . .
Line-up Procedure. With no signal applied, connect 
an ammeter betw'ecn points YA. Adjust R2 so that 
the ammeter reads 12mA. Remove the ammeter and . 
connect points YA together. Set Rs3 to obtain an 
output' impedance of 6000. Terminate the output 
(pin 2) with a 6000 load. Apply a 1kHz, — lOdBm 
signal (via a lOOpF capacitor with its positive end 
connected to the circuit) to either end of C9 . Adjust 
R51 to obtain +  lOdBm at. the output. Connect pins 
7 and 8 together. Apply a  1kHz, +  lOdBm signal'
to pin 4 (the input). Adjust R5q s o  that the output is 
at +  lOdBm. Apply a 1kHz, +  lOdBm signal to pin 
5. Close switch S  (see circuit diagram). Adjust R49 
so that the output is also at +  dBm.
Repeat the same procedure for the B channels.
Pins 1 to 15 are laid out for connection to a Painton 
15 pole plug type 73/10/1501/10.
Tr20 and Tr2l should be matched.
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The switching speed of the unit was 
measured in terms o f a parameter called 
parameter implies “Fade-in” as well as 
time taken for the output level o f the 
switch to change by 60dB. Note that the 
parameter implies “Fade-in” as well as 
“Fade-out”. This mode of measurement 
was adopted in preference to the other 
criteria generally used because it is sub­
jectively meaningful and compatible with 
the properties o f human hearing as well as 
other parameters in acoustical engineering. 
The justification generally accepted is that 
a 60dB reduction in the sound pressure 
level o f a programme makes it inaudible 
under average conditions. A  figure of 
, 25ms ±20%  was obtained as the Fade- 
Time of the silent switch.
Subjectively, the switching was found to 
be free from transients for all programme 
materials including pure tone. Nevertheless, 
in order to investigate the subjective detect­
ability of the 'actual transition, the same 
programme was fed to both inputs and the 
switch was operated so as to create a mo­
mentary interruption. The degree of the 
impairment caused by the transition was 
then judged by a few observers experienced 
in sound quality evaluations..It was found 
that the detectability of the transition was 
dependent on the programme used and the 
relative instant at which the switch was 
Actuated. For speech and music if the 
change-over was made during the momen­
tary silences of the programme, then the 
transition was not noticeable. However, if 
switching was done during the existence of 
a continuous passage, then the interruption 
was found to be noticeable but quite accept­
able. The same judgment was also passed 
when continuous signals such as pink noise 
or pure tone were used.
Two units were manufactured, both of 
which were in continual daily use for about 
14 months with satisfactory performance. 
The few problems encountered during this 
period were minor ones and their corres­
ponding remedies have already been 
mentioned.
It is perhaps worth mentioning that dur­
ing the designing stages, attempts were 
made to add electronic fading facility to 
the . unit. Unfortunately, it was found that 
using f.e.ts as the fading element, realization 
o f a unit capable of low distortion perform­
ance during an entire fade, in addition to 
•high on/off and signal to noise ratios, was 
not really possible. However, the author 
has since designed a four-channel modu­
lation type electronic fader, the details of 
which will hopefully be published soon!
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CORRECTIONS
1. In Fig# 2, the gate terminal of the f#e#t# 
is pointing towards its drain, whereas, 
it should he pointing towards the source 
terminal, i#e#, the one which is connected 
to the positive end of Cg.
2# In Fig# 3> the positive end of C ^  -which 
is the one nearest to point(r)has not 
been marked#.
3# The second sentence of the ’^Line-up Pro- . 
cedure” reads: '’Adjust R2.so that the
ammeter reads 12mA#” It should read: 
’’Adjust R52 so that the ammeter reads 
12mA#"
4# Towards the end of the ”Line-up Procedure”, 
there is a sentence which reads: ’’Adjust
R^g so that the-output is also at +dBm.”
It should read: ’’Adjust R ^  so that the
output is also at +10dBm#”
5# The first sentence of the first paragraph 
on this page reads: ’’The switching
speed of the unit was measured in terms 
of a parameter called parameter implies 
”Fade-in” as well as time taken for the 
output level of the switch to change by 
60dB.”
It should read: ’’The switching speed of
the unit was measured in terms of a para­
meter called the ”Fade-Time” which is 
defined as the time taken for the output 
level of the switch to change by 60dB#”
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APPENDIX 2
DETAILED DISCUSSION 
RELATING TO SECTION 8.3*4
From Section 3*3> the amplitude/frequency response deviation 
of the system at resonance is given hy:
lHol = lC0/Nl -
M  - lRo
N - |R0/N| A2.1
where the plus and minus signs apply to the in-phase and anti­
phase conditions of the resonance respectively. Clearly, the 
instantaneous value of the amplitude/frequency response deviation 
|Ho| i, depends upon (Rq/N| ^  and the phase condition of the reso­
nance. The effect of these factors upon |Hq[  ^ can be seen in 
Figure 3*3> where, the instantaneous magnitude of each output 
tone burst (the lower one of each pair) is |c | and since this 
is directly proportional to |hJ then each output tone burst 
illustrates the behaviour of |Hq|  ^ for that particular resonant 
system. For example, in Figure 3*3d, the instantaneous value of 
the frequency response is given by:
W i  = 1 - I V Nli A2.2
At the beginning of the input tone burst, the resonance contri­
bution |R | ^ , is zero, and therefore, the system has a flat 
frequency response. As time progresses, |Rq|  ^ increases, and 
so, a dip begins to develop. At a later point in time, |Rq|^ 
becomes equal to N and the dip in the response attains an infinite 
magnitude, i.e., a momentary notch filter. With further exci­
tation of the resonance, the magnitude of the dip progressively 
reduces, and eventually, when the resonance is fully excited, 
the system will once again exhibit a flat frequency response.
The remaining tone burst outputs can also be explained on a 
similar basis so that, in general, we are confronted with a 
variety of time dependent frequency responses. The aim of this 
discussion is to establish the effect of these time dependent
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frequency responses upon the Q-dilution relationships at the 
threshold level of driven-state colourations. Clearly, a 
collective discussion on all the various cases would hinder 
rather than help the attainment of the desired goal. Therefore, 
to begin with, the discussion will be confined to the in-phase 
condition of the resonance.
Unlike the anti-phase condition, the temporal behaviour of 
the amplitude/frequency response of an in-phase system is always 
unique. The driven-state transmission characteristic of such a
system always starts with a flat frequency response, and as time
passes, a hump is gradually developed (Figure whose magnitude
|H | reaches a maximum value |hJ ^, when the resonance has been 
fully excited. Note that in the other parts of this thesis the 
theoretical parameter |Hq|  ^has been denoted by
.term which determines the magnitude of |Hq|  ^ is
the natural signal N, is a constant, it may be omitted so that 
we are left with |rJ It is therefore clear that the relation­
ships which exist between |Rq| the objective parameters of the 
system and the mark-to-space ratio of the programme will have to 
be examined.
From equation 3'122, the ratio of the instantaneous magnitude 
of the resonance contribution to its corresponding steady-state 
value is given by:
nf t
R 1 0
Hq| . Now, the 
Rq/n | and since
Rol t [ « H
—  = 1 - e Q I Q >  2 I   A2.3
Where the time t, is measured from the beginning of the input 
signal, at which point, the resonance is assumed to be in its 
fully relaxed state, and fQ, is the resonance frequency in Hz, 
From equations A2.1 and A2.3 we get:
%f t o
H ,01 1 lHol t - IVNlt • e Q [Q >2] — A2*4
and if we let the duration of each mark-period of the programme 
be equal to t ,: and consider them to be the input signals to the
A2.2
system, then, the magnitude of the hump at the end of each mark 
period becomes:
Ho.m
%f t o m
Kit - lRo/NU  • e Q [Q > 2] •*—  A2*5
Now, when the exponential terra of this equation approaches zero,
|H | becomes approximately equal to |Hq| and since the latter
is the largest hump which the system can generate, it follows
that its magnitude must be made equal to that of the corresponding
limiting level |hJ  ^ # In this case, the Q-dilution relationships
are solely determined by the implications of the energy theory,
and the condition arises when the growth-time of the Resonance
T is smaller than, or approximately equal to the mark period of 
&
the programme# From equation 3*124, the growth-time is given by: 
Tg = 0.706 | ^  2J ..... A2.6
and if we substitute this for the relevant parts of the exponen­
tial term of equation A2#5, we get:
_ 0 m o ??
e" Q = e~ * Tg [Q > 2] ..... A2.7
which becomes equal to 0#1 approximately when tm = T^# Clearly, 
for a given resonance frequency, these conditions only apply to 
relatively low values of Q.
As the Q of the resonance increases, its growth-time becomes 
progressively longer, and therefore, the relative value of |hJ , 
with respect to |H | begins to decrease, and so |hJ becomes 
progressively smaller than |Hq| But, since we are concerned 
with the Q-dilution relationships at a particular subjective level, 
it follows that |H |' must be made equal to the corresponding 
|H j For a given resonance frequenc3^, Q and programme material, 
the only way in which this can be done is to increase the magni­
tude of |Hq| j.. The corollary is that the system can have a 
greater steady-state hump than the one stipulated by the energy 
theory, because the finite mark-period of the programme will
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never be able to establish the former hump. The practical 
implication of the foregoing discussion upon the energy-theory- 
determined shape of the ’’driven-state” curve of Figure 8.1 is 
that the slope of the curve, especially for the higher Q values, 
will be increased.
Up to now, it has been assumed, for the sake of clarity, 
that at the beginning of each mark-period of the programme the- 
resonance is in its fully relaxed state. In fact, there will 
generally be a certain amount of residual energy stored in the 
resonance from the preceding mark-period (e.g., see Figure 3*4)* 
Therefore, the value of |Rq| ^  attained at the end of each mark- 
period of the programme will also depend upon the amount of resi­
dual energy which is present at the beginning of each mark-period. 
However, from a statistical point of view, |Rq| ^, will still have 
a certain average value at the end of each mark-period of the 
programme, but the magnitude of this average value will depend 
upon the mark-to-space ratio of the programme and not solely upon 
its mark-period.
So far, the temporal considerations have only been discussed 
in relation to the in-phase condition of the resonance. In the 
case of the anti-phase conditions in the range |H J - h l  >  
i.e., those which concern us here, there is an added complexity 
in the form of a momentary notch filter which is present in their 
driven-state transmission characteristics. This is illustrated 
in Figures 3*3c and 3*3d. In general, the null has a kind of 
100^ ’’amplitude modulating” effect upon the time dependent fre­
quency responses of these systems. In the absense of the notch, 
af.ter the initial flat frequency response, which is universal in 
any case, each system would have gradually developed a hump or a 
dip or would have remained flat in accordance with its parametric 
conditions. Illustrative examples of two of these hypothetical 
cases would have been the driven-state parts of Figures 3*3a and 
3.3b or 3.3e* The time-independent flat-frequency-response case 
is unattainable under any circumstances. Incidentally, it should 
be noted that the cases illustrated in Figures 3*3b, 3*3e and 
3.3f have not been subjectively studied (see Figure 9*1)* It 
should also be pointed out that a finite-dip case for positive
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dilutions has not been illustrated in Figure 3*3> because its 
output tone burst is very similar to Figures 3*3c and 3*3d with 
the exception that its output level at the beginning of the 
input tone burst is greater than its final level at the end of 
the input signal# However, so far as the foregoing hypothetical 
cases are concerned, Figure 5*3a arises from an in-phase system 
which has already been discussed. The same conclusion will also 
apply to Figures 3*3b and 3-3e> because instead of having a 
gradually increasing hump, we now have a dip whose magnitude 
progressively increases. In other words, had the notch been 
absent,.the effect of the finite mark-to-space ratio of the pro­
gramme, from a temporal point of view, would have been a slight 
change in the slopes of the energy-theory-determined shapes of 
the "hump” and ’’dip” curves of Figure 8.1. It will now be shown 
that the presence of the momentary notch also has a similar effect, 
In order to illustrate this point, a brief study of the 
general behaviour of the notch will be necessary. The time- 
dependent frequency response for the positive dilution cases at 
resonance is given by (equation A2.1):
lHoli= I V H i  - 1 A2.8
By substituting |Rq|  ^ from equation A2.3 into the above, we get:
lHol i = 1 - e
—TCf t 0
Q
lR0/Nli - [ Q > 2] A2.9
At the null, |hJ  ^ is zero, and t = tn ,^ so that, from the above 
equation, for cases where |h | . |D | ^ 1 ,  the position of the notch 
in the time domain relative to the beginning of the input signal, 
i.e., when t = 0, is given by:
Q |lDo dB
nl 20ftf logn Ae o lu
=  0.0366 Q|lDo
dB Q ^  2 and
J Hol * lDol >  \ A2.10
This equation carries the assumption that at the beginning of the 
input signal, the resonance is in its fully discharged state. In 
practice of course, there will be some residual resonance contri­
bution at the beginning of each mark-period, so that, the
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prevailing magnitude of f,t will be less than the value given 
by equation A2.10# This is because the residual energy and the 
driven-state contribution of the resonance add up, and hence, 
the resulting magnitude of |Rq| ^  becomes greater than that which 
it would have had in the absence of the residual contribution.
Now, when the operative magnitude of t ^ is approximately 
equal to or greater than the time constant of the ear, which Is 
of the order of 100msec#, then in principle, the notch could have 
an audible effect# As an example, consider the flat frequency 
response case for which | [dJ dB | = 6 and take Q = 200 and fQ = 
250Hz. Under these conditions t ^ becomes equal to 176msec# 
approximately. It should be noted that t ^ is directly propor­
tional to | |D | dB|, and the range of dilutions which has been 
experimentally covered extends up to +l6dB, whereas, the example 
chosen was for [dJ = 6dB. The maximum value of t ^  encountered 
in practice, could thus have been much greater than 176msec# On 
the other hand, t  ^ is also directly proportional to. Q and, in 
practice, high values of Q would have meant a relatively greater 
residual resonance contribution at the beginning of each mark- 
period of the programme# This in turn would have greatly reduced 
the operational magnitude of t ^ in relation to its theoretical 
value# Therefore, the audibility of the effect of the notch 
determined by the operational magnitude of t relative to the 
time constant of the ear also depends upon the mark-to-space ratio 
of the programme#
So far, the discussion has been confined solely to the 
relative position of the notch. From a subjective point of view, 
the more significant factor is the spread of the momentary dip in 
the vicinity of the notch along the time domain# By applying the 
principles of the energy theory to the present case, it may be 
said that if the instantaneous magnitude of the “transient” dip 
I JH0| dB| ^ , becomes greater that a certain level I N  dB|^, then 
the dip becomes potentially audible# Furthermore, if I N  dB!i 
becomes greater than I N  dB|^ for an appreciable length of time 
in relation to the time constant of the ear, then the likelihood 
of a corresponding audible effect increases. From Figures 3#3c 
and 3-3d, for example, it can be seen that during a time interval
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St, in the vicinity of the notch, ||^ 0|^®|i *s greater than 
I (HqI |d" °ther words, after the onset of the input tone
burst, there are two points in time on either side of the notch 
whose corresponding |hJ  ^ is equal to |hJ■ For these two
points, equation A2*9 becomes:
lHo 1 - e
-Ttf t o n
Q
iR0/Nl t - 1 [ Q > 2]   A2*X1
From this, by using |Rq/N| = |hJ . |dJ (equation 3*6) , and 
remembering that for the cases which are at present relevant,
both |H 
that:
D and |D j are greater than unity, it can be shown
nf t o
, Q
H D
Hol d
[q > 2 ] A2.12
therefore,
and hence,
St =
nf (t + St)
» ° Q
%t t o
_ Q
 S  lo cr
7ifolog10e ' los10
H
H
H
H
H
H
H
H
[0 > 2] A2*13
Also from equations A2#10 and A2«13>
St
tnl
20
D | dB o'
log10
H
H
Hol d
Hol d
Q ^  2 and
lHol • lDol >  1
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Now, consider equation A2-13* It can be seen that for a 
given dilution, and hence |H | , the magnitude of St is directly 
proportional Q and inversely proportional to the frequency of 
the resonance; a relationship which also exists for t ^ in 
equation A2.10. However, the magnitude of St also depends upon 
the value of the constant |Hq| and since the value of this 
constant can only be determined experimentally, we must give 
it an assumed value of, for example, -20dB, so that, the order
A2.7
of magnitude of it can be estimated. Hence, for an |hJ  ^  of 
0.1, if we take |Hq| = 1, i.e., the flat-frequency-response case,
Q = 200 and f = 250Hz, then St becomes equal to 51msec. approxi­
mately. For such a system, t ^ = 176msec. If we ignore the 
reducing effect of the finite mark-to-space ratio of the pro­
gramme upon the theoretical value of t then although the exis­
tence of this notch, as an event within each mark-period of the 
programme, could theoretically be resolved by the ear, the spread 
of the dip along the time domain, as the potentially audible event, 
will not be resolvable, because the figure of 51msec. for St is 
less than the 100msec. time constant of the ear.
Furthermore, inspection of equation A2.15 will show that St 
is inversely dependent upon |H|. Thi s is because for relatively 
high values of |Hq| , the l°g^Q term, and hence, St approach zero. 
Conversely, for relatively low values of |hJ , the magnitude of 
the 1°S^q term, and hence, St increase. From Figure 9*1, it can 
be seen that for the cases where |hJ . |dJ ^-1, |hJ and |dJ are 
inversely dependent upon each other. In addition, equation A2.10 
shows that t ^ is directly dependent upon |dJ • Therefore, the 
- magnitudes of t ^ and St are directly dependent upon the magnitude 
of the dilution of the system |dJ . So far as the present inves­
tigation is concerned, the highest value of dilution used was 
|D | = l6dB. Using this value together with Q = 200, f = 250Hz
and |Hj d = -20dB in equations A2#10 and A2.15, the magnitudes 
of t ^ and St become 470 and 500msec. approximately. In practice, 
these values can only be regarded as guide-lines because firstly, 
the value of |hJ ^ which was used in order to calculate St is a 
hypothetical one based upon general practical experience. By the 
same token, K\ ^ could also be dependent upon the Q and frequency 
of the resonance, and possibly upon other factors. Secondly, in 
view of the foregoing discussion, for relatively high values of 
Q, the finite mark-to-space ratio of the programme will cause the 
prevailing magnitudes of t ^  and St to become less than their 
theoretically calculated values. Thirdly, we have only been 
considering the effect of the spread of the "transient" dip along 
the.time domain. But, the dip also has a spread along the fre­
quency domain whose magnitude is inversely proportional to the
A2.8
Q of the resonance, so that, for the higher values of Q, the 
amount of spectral energy modification incurred becomes relatively 
smaller. From a subjective point of view, this means that, for 
the higher values of Q, although the presence and spread of the 
dip, as an event along the time domain, could in principle be 
detected by the ear, the ’’material substance” of the dip, deter­
mined by the amount of spectral energy modification which it . 
incurs along the frequency domain may not be sufficient for the 
ear to detect.
However, despite the foregoing discussion, let us assume that 
for the relatively high Q and |dJ values, the ’’transient” dip 
does have an overall audible effect. This assumption is based 
upon the fact that the 470 and 300msec. values for t ^ and £>t are 
so much larger than the 100msec. time constant of the ear. Now, 
in order to eliminate the assumed audible effect of.the dip, the 
magnitude of t  ^or bt or both must be reduced to a certain thre­
shold. level. It has already been shown that for a given resonance 
frequency, the magnitudes of both of these terms are directly 
dependent upon the Q and dilution of the system. Clearly, this 
means that for a given threshold value of or &t, the Q and 
|D' | of the system are inversely dependent upon each other. In 
other words, the effect of the momentary null upon the energy- 
theory-determined shapes of the ’’dip” and possibly the ’’hump” 
curves of Figure 8.1 would be to introduce local changes in their 
slopes, noteably, at the higher values of Q.
A2.9
APPENDIX 3
DETAILED CIRCUIT ANALYSIS 
RELATING TO SECTION 8.4-2
The equivalent circuit of Figure 8.10 is shown in Figure 
A3-1* r*. is the output resistance of the actual emitterO t
follower and it is equal to (e.g., see Millman and Halkias, 
Section 12, 1967):
Figure A3-1
sc
>
r* = ot
r + h. s le
1 + hfe
where, r , is the source resistance seen by the base of the s
transistor, h. is the base to emitter resistance of the tran- le
sistor which in typically of the order of 10Q0 ohms, and h^e is
the current gain of the transistor which for a medium or high
power transistor, probably used by Harwood, does not usually
exceed 100. Now, in Figure 8.10, if we ignore the reactance of
C^, then r becomes the parallel combination of r, , r0 and the 2 s 1 2
output impedance of the input amplifier. Since Harwood*s appa­
ratus included two hybrid coils and a calibrated attenuator, all 
of which usually have terminating impedances of 600 ohms, it 
would be reasonable to assume that the above mentioned input 
amplifier was also a standard line amplifier with an output impe­
dance of 600 ohms. Nevertheless, since the values of r^ and
are not known r cannot’ be calculated. However, if we let s 7
r = 0  and take h. = 1000 and h„ = 100, then r* ' becomes equal s le le 7 ot
to 10 ohms. Clearly, this gives an underestimated value for
r* , because r would have had a finite magnitude of probably a ot s
A3-1
few hundred ohms. Now, in Figure A3*l> since the generator Vs c
has zero resistance, it follows that r*. and the emitter resis-ot
tance r are in parallel with one other. Although the magnitude 
©
of r is not known, we may assume that in view of the signal 
©
handling capability of the emitter follower stage which decreases
with a reduction in the supply voltage V and the quiescent DCc c
emitter current of the transistor, the magnitude of r would -G
have been much greater than 10 ohms, i.e., greater than In
view of this and the fact that the magnitude of r ^  was initially
underestimated, we may ignore the shunting effect of r upon
©
r*. and take the magnitude of their parallel combination to be 
0*0
equal to 10 ohms approximately. The final equivalent circuit 
which results from the previous discussion can be seen in Figure 
8.11 where r  ^is the output impedance of the emitter follower 
stage.
A3* 2
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LAYOUT OF THE THESIS
This thesis has been presented in two volumes. The first 
volume contains the text which has been divided into eight sec­
tions, three appendices and a bibliography. The second volume 
contains inspectional items, such as Figures, Tables and Photo­
graphs, relating to the text in Volume 1*. In Volume 2, with the 
exception of Sections 9 and 10, which contain graphical represen­
tations of the results and the raw data respectively, the remain­
ing sections have been given the same numbers as those of their 
corresponding sections in Volume 1. In every one of the former 
sections, the Figures, Tables, etc., appear in the same order as 
that in which they have been referred to in the corresponding 
section of Volume 1. However, there are some figures which have 
been presented, for the.sake of convenience, in the vicinity of 
their accompanying text in Volume 1. These figures do not appear 
in Volume 2 and a note to that effect appears at the beginning of 
each relevant section in Volume 2. Whenever necessary, a list of 
symbols has also been given at the beginning of the various sec­
tions of Volume 2.
In both volumes, the items which are potentially referable, 
such as pages, figures and formulae, have been numbered in decimal 
notation in relation to the section or part in question. For 
example, pages 3*4 and A1.2 refer to the fourth page of Section 
3 and the second page of Appendix 1 respectively. The formula 
and page.numbers always appear on the right hand sides of the 
pages.
CONTENTS OF VOLUME 2
Sections 1 and 2 have been excluded from this volume of 
the thesis because they do not contain any Figures for presenta­
tion in Volume 2.
SECTION 5 Transmission Characteristics of Systems
Containing a Single Resonance 3.1
SECTION 4 The Preliminary Investigation and Basic
Apparatus 4.1
SECTION 5 The Exploratory Investigation 5.1
SECTION 6 Subjective Aspects of The Investigation 6.1
SECTION 7 Treatment of The Results 7.1
SECTION 8 Discussion and Conclusions 8.1
SECTION 9 Graphical Representation of The Results 9.1
SECTION 10 The Basic Results of "The Final Subjective
Tests'* (Section 6.5) 10.1
\
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SECTION 3
TRANSMISSION CHARACTERISTICS 
OF SYSTEMS CONTAINING A SINGLE RESONANCE
The following Figures have been presented in the vicinity 
of their accompanying text, and hence, they do not appear in . 
this Volume of the thesis:
a, Normalized frequency factor for series resonance*
generates*
0, Frequency independent phase difference existing between 
R and N.
H, Complex value of the amplitude/frequency response of the 
system.
j, Instantaneous value of current,
k, Normalized frequency, k = w /w q =
L, Value of inductance.
M, M = H.D = R/N.
N, Complex amplitude of the natural signal contribution.
P, Value of resistance.
Q, The Q factor of the resonance. Q = Q = w L/r.s s
q, Charge on the plates of the capacitance C^.
R, Complex amplitude of the resonance signal contribution.
Figures 3*1, 3*2, 3*4, 3*5, 3*7, 3*8 and 3*22.
LIST OF WIDELY USED SYMBOLS
a = (k2- l)/k.
C, Complex amplitude of the coloured output signal.
C^, Value of capacitance.
D, Complex value of the dilution of the system.
e, Exponential.
f, Frequency of the signal.
f , Frequency of the decaying transient which the resonance
3*1
r, Value of the resistive element of the resonance circuit.
|S|, Magnitude of the step which occurs in the overall amplitude/ 
frequency response of a single parallel resonant system.
T, Reverberation-time of the resonance.
T , Growth-time of the impedance of a series resonance, 
t, Time.
0, Relative phase difference of the coloured output signal.-
V, Complex amplitude of the voltage of the input signal.
v, Instantaneous value of the voltage of the input signal,
w, Angular frequency of the signal.
Z, Impedance of the resonance circuit.
Suffices Used with the Foregoing Symbols
1, Instantaneous value of the parameter in question.
o, Value of the parameter in question at the resonance fre­
quency f , irrespective of the type of resonance, 
p, Value of the parameter in question at the parallel reso­
nance frequency f . 
s, Value of the parameter in question at the series resonance 
frequency fg.
t, Theoretical steady-state value of the parameter in question.
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a. Do|=-6dB 
Ho| = +6dB
Ro/N = 1
C . Do| =+3* 5dB 
Ho| = +6dB
Ro/N = 3 
OPC
e. Do|= OdB 
Ho| = -6dB
Ro/N a 1/2 
OPC
I
b. |Do|= -6dB Ro/N s 1/3 
|Ho|= - 3- 5dB OPC
d. |Do| =+6dB 
|Ho|= OdB
Ro/N = 2 
OPC
Figure 3.3 Various types of tone burst outputs from in-phase 
condition (IPC) and out-of-phase condition (OPC) single resonant 
systems.
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DdB
Figure 3*6 Normalized Amplitude/Frequency Response |h|, and 
Dilution |d|, of Various Single Selective Series 
Resonant Systems# M = 2, Q - 2 and the Parameter 
is 0 in Degrees#
3*4
XFigure 3*9 Normalized Amplitude/Frequency Response of a 
Broad-Band System Containing a Single Local 
Parallel Resonance.
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Figure 3*10 Normalized Phase/Frequency Response of a
Broad-Band System Containing’a Single Local 
Parallel Resonance.
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Figure 3*11 Normalized Amplitude/Frequency Response of a 
Broad-Band System Containing a Single Local 
Parallel Resonance.
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Figure 3*12 Normalized Phase/Frequency Response of a
Broad-Band System Containing a Single Local 
Parallel Resonance.
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13 Normalized Amplitude/Frequency Response of a 
Broad-Band System Containing a Single Local 
Parallel Resonance.
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Figure 3- Normalized Phase/Frequency Response of a 
Broad-Band System Containing a Single Local 
Parallel Resonance.
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Figure 3*15 Normalized Amplitude/Frequency Response of a 
Broad-Band System Containing a Single Local 
Parallel Resonance#
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Figure J.16 Normalized Phase/Frequency Response of a
Broad-Band System Containing a Single Local 
Parallel Resonance.
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Figure 5*17 A plot of the various relationships that exist 
between |Hq| and Q for different values of |s| 
in dB, which have been given as parameter. The 
two curves which remain confined to the upper 
half of the graph and the remaining curves are 
for the in-phase and anti-phase conditions res­
pectively, and the broken curves apply to cases 
where Mq = |hJ . |dJ <  1.
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XFigure 3*18 Normalized Amplitude/Frequency Response of a 
Broad-Band System Containing a Single Local 
Parallel Resonance at Very Low Values of Q.
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Figure 3*19 Normalized Amplitude/Frequency Response of a 
Broad-Band System Containing a Single Local 
Parallel Resonance at Very Low Values of Q.
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Figure,3.20 Normalized Amplitude/Frequency Response of a 
Broad-Band System Containing a Single Local 
Parallel Resonance at Very Low Values of Q.
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Figure 3*21 Normalized Amplitude/Frequency Response of a 
Broad-Band System Containing a Single Local 
Parallel Resonance at Very Low Values of Q.
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SECTION 4
THE PRELIMINARY INVESTIGATION- AND BASIC APPARATUS
The following Figure has been presented in the vicinity 
of its accompanying text, and hence, it does not appear in this 
Volume of the thesis:
Figure 4*1*
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Figure 4.2 Circuit diagram of The Adjustable Resonance System.
4.2
The Adjustable 
Resonance System
Hybrid Mixing Coil
Distribution
Amplifier
Coloured
Programme 
Input *~ Output
s  N *
Natural  •
Output
Figure 4.3 Block Diagram of The Single Resonance 
Colouration Synthesizer.
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SECTION 5
THE EXPLORATORY INVESTIGATION
I f *  J  1
r? r S ra mv,
Photograph Number 5*1 
in a Large Free-Field
Production of Non-Reverberant Music
Room.
5.2
Table Number 5.1
Detail of the Test Programme Materials used for making the 
Presentation Tapes.
Resonance Programme Pitch Duration
Frequency Material Musical Key Change(#) . (sec.)
65Hz Piano Music E minor +4 43
125Hz " " +4 41
250Hz ” G major +2 39
500Hz " M +2.2 46
1000Hz C major +1.4 48
2000Hz " " +0.6 48
4000Hz Orchestral Music -6 47
8000Hz w - B flat major +6 39
63, 125
& 250Hz Male Voice     39
500Hz " —    33
1000Hz "   .   33
. 2000Hz Female Voice     35
?
4000 &
8000Hz "     35
All Pink Noise     30 /
5.3
rAPENo.: 31
Form Number 5»1
FREQUENCY: lkHz
Presen- 
ation No.:
PRO-
-GRAMME Q Do<dB> NOTE
)em. 1 M 3 -2 X  Gain setting 9
i
)em. 2 S 3 -2 X -  Gain setting 15
)em. 3 PN 12 -2 - X  Gain setting 16
Test.1 M 100 -9 X
Test 2 PN 50 -4 X
Test 3 PN 12 -4 X
Test 4 M 25 -9 X
Test 5 M 25 -4 X
Test 6 PN 25 - 6 X
Test 7 M 50 -6 X
Test 8 M- 200 -20 X
Test 9 S 3 -2 X  Gain setting 1 5
Test 10 S 200' -2 X
Test 11 .  s 0 -00 •X Not Coloured
Test 12 PN 3 -9 X
Test 13 M 3 -12 X
Test 14 S 50 -2 X
Test 15 S 50 -12 X
Test 16 PN 100 -9 X
rest 17 M 200 -4 X
Test 18 M 50 -4 X
Test 19 M . 200 -16 X  '
Test 20 S 200 -9 X
Test 21 S 12 -20 X
Test 22 PN . 2 5 -20 X
Test 23 PN 0 -O0 vX Not Coloured
Test 24 S 6 -4 X
Test 25 M 25 -12 X
5.4
Peak Programme Meter
Tape
Recorder
1
38cm/sec
Remote - 
Control
Figure 5.1
Tape
Recorder
Natural
Silent Switch 
(see Appendix Number 1)
PPM
Colouration 
Synthesizer 
(see Fig. 4.3)
Coloured
INPUTS
BBC LS5/5
Block Diagram of the Apparatus used in an Acoustically 
Treated Listening Room for recording the 
Presentation Tapes.
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SECTION 6
SUBJECTIVE ASPECTS OF THE INVESTIGATION
Form Number 6,1
a.
Subject No.: 1 Date: 12/2/73
Please indicate the numerical subjective rating that you 
used during the tests corresponding to the following descriptions 
of the colourations.
Description Noise Speech - Music
Not Noticeable ....................... 0 0 0
Just Noticeable ...................... 2 2 2
Noticeable but Quite Acceptable ...... 3 4.5 4
Acceptable ........... ...............  4 5-5 5
Barely Acceptable .................... 5 7 6.5
Not Usable ........................... 10 10 10
_____//—
Subject No.: 1 Date: 8/2/73
Please indicate the numerical subjective rating that you 
used during the tests corresponding to the following descriptions 
of the colourations.
Description Noise Speech Music
Imperceptible .......... .............  0 0 0
Perceptible, but not Annoying....... 2.5 2.5 2.5
Audible, Slightly Annoying ..........  5 5 5
Annoying.............................  7 7 7
Very Annoying........................  9 9 9
6.2
Form Number 6. 2
Subject No.: 1 Date: 12/2/73
It is assumed that in the field of audio engineering if 
an impairment to the sound quality cannot be eliminated totally, 
then there-exists two other significant levels of acceptability 
for the degree of the impairment to the sound quality.
The first, referred to as ’’Comfortable Acceptability”,, is 
primarily determined by the characteristics of the hearing 
mechanism as well as environmental factors. To a lesser extent, 
it is also influenced by the engineering state of The Art in time.
The second level, called ”Economic Acceptability”, refers 
to the condition when the available resources are limited, and 
therefore, the subjective and envirenmental requirements, other­
wise fulfilled comfortably, must undergo a certain amount of 
restriction in order to preserve that minimum degree of quality 
that seems to be necessary for high fidelity (interpreted lite­
rally) sound reproduction.
Do you agree with the above assumption? YES/N©-
Please qualify your answer if necessary.
”1 don’t believe the terms have much meaning as applied to 
noise which I do not listen to for pleasure but only consider to 
be a test signal”.
Please quantify the following two descriptions in accordance 
with the eleven-point scale that you used during the tests.
Description Noise Speech Music
Comfortable Acceptability     3 4 4
Economic Acceptability ............... 4. 6 5
6.3
Table Number 6.1
Conversion of the numerical scale into different verbal scales.
Results for MUSIC
Description SI S2 S3 S4 S5 S6 S7 S8 S9 Ave.
Comfortable
Acceptability 4 2 3 2 4 4 4 3 5 3.44
Economic
Acceptability 5 6 - 4 6 6 6 4 6 5.38
Not Noticeable 0 0 0 0 0 0 : 0 0 0 0
Just Noticeable 2 1 1 1 1 1 2 1 2 1.33
Noticeable but 
Quite Acceptable 4 4 3 3 4 3 5 4 3 3.67
Acceptable 5 5 5 4 5 4 6 7 4 5.00
Barely
Acceptable 6.5 8 7 7 7 6 7 8 6 6.94
Not Usable 10 10 10 10 10 10 10 10 10 10
Imperceptible 0 0 0 0 0 0 0 0 0 0
Perceptible, but 
Not Annoying 2.5 4 5 3 1 4 4 3 4 3.39
Audible, Slightly 
Annoying 5 6 10 4 6 7 6 5 6 6.11
Annoying 7 8 10 6 9 10 7 7 8 8
Very Annoying 9 9 10 9 10 10 9 8 10 *9.33
Abbreviations
S Subject
Ave. Average
6# 4
i
Table Number 6.2
Conversion of the numerical scale into different verbal scales.
Description SI
Results 
S2 S3
for SPEECH 
S4 S5 S6 S7 S8 S9 Ave,
Comfortable
Acceptability 4 2 3 2 4 4 3 3.5 5 3.39
Economic
Acceptability 6 6 - 4 6 6 4 4.5 6 5.31
Not Noticeable 0 0 0 0 0 0 0 0 0 0
Just Noticeable 2 1 1 1 1 1 2 2 2 1.44
Noticeable but 
Quite Acceptable> 4. 5 4 3 3 4 3 4 5 3 3.72
Acceptable 5.5 5 5 4 5 4 5 7 4 4.94
Barely
Acceptable 7 8 7 7 7 6 6 8 6 6.89
Not Usable 10 10 10 10 10 10 10 10 10 10
Imperceptible 0 0 0 0 0 0 0 0 0 0
Perceptible, but 
Not Annoying 2. 5 4 5 3 1 4 3 4 4 3.39
Audible, Slightly 
Annoying 5 6 10 4 6 7 5 5 6 6
Annoying 7 8 10 6 9 10 7 7.5 8 8.06
Very Annoying 9 9 10 9 10 10 9 9 10 9.44
Abbreviations
. S Subject
Ave. Average
6.5
Table Number 6.3
Conversion of the numerical scale into different verbal scales.
Results for PINK NOISE
Description SI S2 S3 S4 S5 S6 S7 S8 S9 Ave.
Comfortable
Acceptability 3 2 3 2 4 4 2 2 5 3
Economic
Acceptability 4 6 - 4 6 6 '4 3 6 4.88
Not Noticeable 0 0 0 0 0 0 0 0 0 0
Just Noticeable 2 1 1 1 1 1 1 1 2 1.22
Noticeable but 
Quite Acceptable 3 4 3 3 4 3 3 4 3 3.33
Acceptable 4 5 5 4 5 4 4 6 4 4.56
Barely
Acceptable 5 8 7 7 7 6 6 9 6 6.68
Not Usable 10 10 10 10 10 10 10 10 10 10
Imperceptible 0 0 0 0 0 0 0 0 0 0
Perceptible, but 
Not Annoying 2.5 4 5 3 1 4 2 3 4 3.17
Audible, Slightly 
Annoying 5 6 10 4 6 7 4 4.5 6 5.83
Annoying 7 8 10 6 9 10 7 7 8 8
Very Annoying 9 9 10 9 10 10 8 8 ia 9.22
Abbreviations
S Subject
Ave. Average
6.6
Not Usable
Barely Acceptable
Acceptable
Noticeable but 
Quite Acceptable
Just Noticeable
Not Noticeable
Very Annoying
Annoying
Audible,
Slightly Annoying
Perceptible,
but Not Annoying
Imperceptible
Ifllllio
I
s
m
Figure 6,1 Conversion of The Numerical Scale into verbal scales, 
and linearity of: (a), The Author's Verbal Scale, and (b), The 
CCIR Scale for Impairment. The graphs are for Music. Other 
programme materials give very similar results.
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Form Number 6.3
Subject No.: 2 Date? 8/2/73
Please give a subjective description of the following adjec­
tives as you used them during the tests.
The description must not be objective in any way. For example, 
"Ringing" may not be described as "the effect caused by the presence 
of high Q resonances."
The word pitch should be used rather than frequency where 
applicable.
Anologies with natural phenomenon or everyday events are 
permitted.
The aim of the exercise is to arrive at a description of the 
actual sound perceived, rather than what you may- think is the cause.
1. BASSY
2. BOOMY
3. HONKY
4. HOLLOW
6. CLOSE
7. RINGING
8. SIBILANT
9. TOPPY 13. METALLIC
14. MUFFLED
10. HARSH
11. HISSY
12. SHRILL
5. DISTANT
6.8
Photograph Number 6.1 The Tpc-finrr i?
Testing Environment Used for The
Final Subjective Tests.
WHITE LIGHT
THE SWITCH ^  RED LIGHT
\
Tape Recorder
Remote Control Switch
Silent Switch 
(see Appendix Number l)
3m
Observer
BBC LS5/5
Inputs
Outputs
Free Field Room (see Photograph Number 6
Figure 6.2 Block Diagram of the Apparatus used for 
Reproducing The Presentation Tapes.
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Figure 6.3 Frequency response of the loudspeaker used 
under various conditions.
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Form Number 6.4
INSTRUCTIONS
1. Each test session consists of 28 presentation pairs, the first 
three of which are for demonstration purposes only.
2. The three programme materials used for the demonstrations are 
also used for the subsequent test presentations.
3. Each presentation pair consists of a standard programme, which
will be audible when the switch is pressed and the white light
is on. The released position of the switch, corresponding to 
the red light, allows a version of the standard programme modi­
fied in a particular frequency region to be heard.
4. The modifications of any given test session occur in the same
narrow band of frequencies. This range is demonstrated at the 
beginning of each session, and it is essential that you ’tune* 
your ear to that region of the spectrum for the rest of the 
test session.
5. Each tonally coloured test piece is to be compared against its 
corresponding standard. Departures of tonal quality from the 
standard should then be rated on the form provided. The judge­
ment must be on a relative basis, and within the framework of 
high fidelity (interpreted literally) sound reproduction.
6. If you think that the tonal characteristic of any of the coloured .
test presentations could be described in terms of any one of
the following adjectives, please write the abbreviated form 
of the appropriate adjective in the column marked * Comment1.
7. The adjective *HISSY* should be used only in cases where the 
colouration present manifests itself predominantly on the back­
ground noise rather than the programme.
BASSY . CLOSE C, HISSY .... Hs.
BOOMY . RINGING .... R. SHRILL.... SI.
HONKY .----Hy. SIBILANT ... St. METALLIC ... Me.
HOLLOW . TOPPY ..... Ty. MUFFLED .... Md.
DISTANT «... D t. HARSH .... H.
6.12
Form Number b.5
APE Nc.: 31
SUBJECT No.: DATE:: 25/7/72
Please tick appropriately
TEST
No.
NOT
USEABLE
NOT
NOTICEABLE Subjective Rating COMMENT
Dt
Me
Md
14
Me
18 Me
Md
SECTION 7
TREATMENT OF THE RESULTS
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Figure 7.1 Average Subjective Rating ASR, given for the 
various Not-Coloured Test Samples, plotted 
against the Frequency f ,to which the subjects 
were asked to "tune" their ears. The programme 
material is PINK NOISE.
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Figure 7.2 Average Subjective Rating ASR, given for the various 
Not-Coloured Test Samples, plotted against the 
Frequency f fto which the subjects were asked to 
"tune" their ears. The programme materials are: 
a. SPEECH, and b. MUSIC.
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Programme: MUSIC Frequency: 500 Hz
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+  9
+• 6
■ +  4
OJ 4-? *o ~ c-
25 50 200
75
- 4
-6
-20
-23
-26
Figure No. 7*3
D
ilu
tio
n,
 
dB
Programme: MUSIC Frequency: 500 Hz
Subjective rating 3 » Comfortable Acceptability
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7-5Figure No. 7*4
2Figure 7.
ASR -- >
Response Frequency RF, plotted against the Average 
Subjective Rating ASR, given for various colourations# 
The programme material is SPEECH, and the adjectival 
description used is RINGING#
7.6
Figure 7.6 Response Frequency RF, plotted against the Average
Subjective Rating ASR, given for various colourations. 
The programme material is SPEECH, and the adjectival 
descriptions used are: a. HOLLOW, and b. BOOMY.
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SECTION 8
DISCUSSION AND CONCLUSIONS
The following Figures have been presented in the vicinity 
of their accompanying text, and hence, they do not appear in 
this Volume of the thesis:
Figures 8,12 and 8.13*
LIST OF WIDELY USED SYMBOLS
a,
B,
BA,
[ c | ,
CA,
CB,
d |,
Do
H
EA, 
e> 
f, 
h |,
dB D
IK
L,
V
dB
N,, 
P,
Normalized frequency factor for series resonance, 
Bandwidth of resonance# B = Pq/Q*
Barely Acceptable.
Magnitude of the coloured output signal.
Comfortable Acceptability.
Critical Band of the ear.
Magnitude of the dilution of the system.
The absolute value of the dB-converted value of 
Increase in the value of |H | for a two-fold increase 
in the value of Q.
P
Economic Acceptability.
Exponential.
Frequenc3^.
Magnitude of the amplitude/frequency response of the 
system.
The absolute value of the dB-converted value of |Hq| , 
Value of inductance.
M o  =  lH ol • lD o! *
Magnitude of the natural signal contribution.
n
Total spectral power within one critical band equiva­
lent of the "programme” centred upon the resonance 
frequency.
Spectral power density of the "programme"
Q, The Q factor of the resonance.
8.1
|R], Magnitude of the resonance signal contribution,
r, Value of resistance.| s | ,  Magnitude of the step which occurs in the overall
amplitude/frequency response of a single, parallel 
resonant system.
T, Reverberation-time of the resonance,
t, Time.
TL, Threshold Level
V, Magnitude of the voltage of a signal.
W, Width of one critical band of the ear, generally
considered’to be one third of an octave wide at all 
frequencies.
Suffices Used with the Foregoing Symbols
c, Relates to the coloured version of the programme,
e, At the emitter junction of the circuit,
i, Instantaneous value of the parameter in question.
1, The limiting or maximally permissible value,
m, Prevailing at the end of each mark-period,
n, Relates to the natural version of the programme,
o, Value of the parameter in question at the resonance
frequency fQ, irrespective of the type of resonance, 
ot, Output.
p, Practically obtained values.
r, Relates to the resonant circuit or the resonance signal
contribution, 
sc, Source.
t, Theoretical steady-state value of the parameter in
question, 
tl, Total.
8.2
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Figure 8.1 Qualitative Behaviour of the Threshold Curves 
for Elementary and Overall Colourations Caused by a Single 
Series Resonant System at a Given Resonance Frequency. The 
Arrows Indicate the Sub-Threshold Areas.
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Figure 8.2 Qualitative Behaviour of the Threshold Curves 
for Elementary and Overall Colourations Caused by a Single 
Parallel Resonant System at a Given Resonance Frequency. 
The Arrows Indicate the Sub-Threshold Areas.
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Figure 8* 3 |Hq| verses Resonance Frequency Relationships 
for the Pink Noise Results. These Graphs Have Been Drawn 
from the In-Phase Condition Curves of Figures 9*4 and 9.6 
of Section 9*
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a. Economic
Acceptability
b. Barely
Acceptable
10k
I
N
Figure 8*4 lHol verses Resonance Frequency Relationships 
for the Pink Noise Results. These Graphs Have Been Drawn 
from the In-Phase Condition Curves of Figures 9.7 and 9.8 
of Section 9*
8.6
a. Threshold 
Level
b. Comfortable
Acceptability q
f , Hz o
c. Economic
Acceptability
10k
d. Barely
Acceptable
l
til .ut±j
60 100
dB -°'5
dB -1-0
Figure 8.5 Relationships Between the Ratio p / A|kj t
(in dB), and the Frequency of the Resonance for the In-Phase 
Condition of the Pink Noise Results. A|hJ Represents the 
Increase in the Magnitude of |hJ for a Two-Fold Increase 
in the Value of Q. The Suffices p and t Stand for Practically 
Obtained and Theoretically Predicted Values of Respec­
tively.
8.7
Pink Noise
Music
IKhltiliit,!
fQ, Hz ------100 300 1k uk
Figure 8-6 Practically Obtained Magnitudes of the Step 
|S|) which Occurs in the Overall Amplitude/Frequency - 
Response of a Single Parallel Resonant System, Plotted 
against the Resonance Frequency- The Abbreviations Used 
are: TL = Threshold Level; CA = Comfortable Acceptability;
EA = Economic Acceptability; and BA = Barely Acceptable-
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Figure 8.11
These Figures Relate to Section 8.4*2 and Appendix 5*
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Figure 8.17 Turn-Over or Critical-Q values Plotted against 
the Resonance Frequency in Hz, for the Following Conditions: 
a & b = SPEECH; c & d = MUSIC;
a & c = Negative Dilutions; b & d = Positive Dilutions.
The Abbreviations Used are: TL = Threshold Level;.
CA = Comfortable Acceptability; EA = Economic Acceptability; 
and BA = Barely Acceptable. These Graphs Have Been Drawn 
from the Relevant Curves of Figures 9*9 to 9*18 of Section 9*
8.15
Table 8.1
Summary of the Predominating Objective Causes for the Various 
Adjectival Descriptions or "Comments”#
Comment fo, Hz a Programme Objective Cause
1# Bassy 125 <10 PN, S Humps
2# Boomy 125 <100 S Humps, TSC
3# Ringing 125-4k > 2 5 S, M TSC
4# Muffled 250 <10 S & M only Large humps
5# Honky 250 10-30 S Humps, TSC
6# Hollow 250-lk <50 S, PN Humps, TSC
7# Distant 500 3 S only Dips only
8# Metallic lk-4k 3-200 All 3. Humps, TSC
varies with varies with types
programme programme
9# Close 2k 3 S onljr IPC humps only
10# Harsh 2k . <10 M, PN . Humps
11. Hissy 4k 3-200 S only Humps, TSC, Step*
12. Shrill 4-8k <100 M . Humps
13. Toppy 4k-8k 3-200 PN only Humps, TSC, Step*
14. Sibilant 8k <40 S only IPC humps only
ABBREVIATIONS
PN = Pink Noise; S = Speech; M = Music.
TSC = Transient-State Colourations#
IPC = In-Phase Condition.
* The reason for this is given in Section 8#4#1 in connection 
with Figure 8.6.
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SECTION 9
GRAPHICAL REPRESENTATION OF THE RESULTS
This section has been complied in order to provide long­
term convenience. Apart from the first three Figures which 
give useful relationships between the energy parameters, the * 
remaining Figures have been divided into two groups.
The first group consists of Figures 9*4 to 9*18, and gives 
the relationships between the colouration parameters for various 
numerical subjective ratings whose verbal descriptions have also 
been given. The results for pink noise, speech and music follow 
each other in that order, and for each programme material the 
order of appearance of the Figures is that of decreasing level 
of acceptability of the verbal description. For practical appli­
cations, the "Just Noticeable" graphs should not be used. The 
reason for this has been given in Section 7*7- The arrows point 
to areas where the subjective ratings are less than the specified 
value, or the corresponding verbal descriptions are covered by 
the given term, or both. The dots have been used to indicate 
scarce data points.
The second group consists of Figures 9*19 to 9*47, which 
give the threshold levels for the various adjectival descriptions 
or comments used to describe the tonal characteristics of the 
colourations. The Figures appear in the alphabetical order of 
the comments, and for each adjective the results for pink noise, 
speech and music are presented in that order. The thick lines 
have.been used to show the straight-line graphs clearly, and the 
other symbols have the same meaning as before.
In general, the applicable ranges of the parameters are as 
follows:
1. RESONANCE FREQUENCY: 63Hz to 8kHz, except for the positive
dilutions (dB) where the range only extends up to 4kHz.
2. Q OF THE RESONANCE: 3 to 200, except for 63Hz and 125Hz
where the maximum Q's are 50 and 100 respectively. Further­
more, for positive dilutions (dB) at 63Hz, the full range
of Q's extending up to 50 was not used, and hence, the
9*1
broken parts of these curves (e.g., Figure 9*4) apply to 
the range which was investigated.
THE DILUTION |Dq| : -2dB to -20dB, except for 500Hz which
was extended down to -26dB; and +2dB to +l6dB for the other
cases.
The results for positive dilutions (dB) only apply to 
cases where lHol * lDol >  1 * See Figures 9*1 and 9*2*
9.2
ou t -o f -p h ase
Figure 9*1 Relationship between the amplitude/frequency 
response deviation at resonance |Hq| , and the 
corresponding dilution |Dq| , for the in-phase 
and out-of-phase conditions of the resonance. 
The broken curve does not apply to the experi­
mental results obtained from the present inves­
tigation. The curves have been drawn from 
equations 3*24> 3*27 and 3*30.
9*3
Figure 9.2 Relationships between Kq = [hJ . |dJ , and the 
corresponding dilution |Dq| , for the in-phase 
and out-of-phase conditions of the resonance.
The broken curve does not apply to the experimen­
tal results obtained from the present investiga­
tion. The curves have been drawn from equations 
5*25, 3-28 and 3.31.
Figure 9.3 Relationship between the dilution at resonance 
|Dq| , and the magnitude [s|, of the corresponding 
"step” in the overall amplitude/frequency response 
of a system containing a single parallel resonance. 
|S|, is in fact the ratio of the response at the 
very low to the very high (zero and infinity to 
be precise) normalised frequencies. The curves 
to the left and right of the dilution axis apply 
to the out-of-phase and in-phase conditions of the 
resonance respectively. The broken lines do not 
apply to the experimental results obtained from 
the present investigation. The curves have been 
drawn from equations 3-25, 3-28, 3-31, 3*103 and 
3-104*
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SECTION 10
THE BASIC RESULTS OF 
”THE FINAL SUBJECTIVE TESTS” (Section 6.5)
These results have been presented in two parts. The first 
part, which starts on page 10,3 and finishes on page 10,43> deals 
with the numerical rating results. In this part, the order of 
presentation is as follows: The data for negative and positive
dilutions (in dB) appear in that order. For each dilution type, 
the results for PINK NOISE, SPEECH and MUSIC (thus typed on the 
top right hand comer of each page) follow each other in that 
order. For each dilution type and programme material, the results 
have been presented in the order of increasing integer—rounded- 
off equivalents of ”ASR” (see Section 7-3)* Within this frame­
work, they then appear in the order of decreasing f and Q 
respectively.
The remaining part of the data starts on page 10.44 and deals 
with the ’’Comments” or adjectival descriptions. In this part, the 
order of presentation is as follows: The results appear in the- -
alphabetical order of the ’’Comments” which have been typed on the 
top right hand corner of each page. For each ’’Comment”, the data 
for PINK NOISE, SPEECH and MUSIC follow each other in that order. 
For each ’’Comment” and programme type, the results for negative 
and positive dilutions (in dB) appear in that order. Within this 
framework, they then appear in the order of decreasing f and Q 
respectively.
In general, the typing layout has been arranged so as to 
make the foregoing orders of presentation clear.
LIST OF SYMBOLS
Average Subjective Rating (Section 7-3). It is the 
average of the various ”S” results.
Dilution at resonance in dB.
Resonance frequency in Hz.
Not Coloured.
ASR,
NC,
1 0 . 1
NP, Number of Presentations# It refers to the set of
objective parameters and programme material in question# 
NR, Number of Responses# It refers to the total number of
times the "Comment” in question was used by the subjects- 
Q, Q of the resonance#
RF, Response Frequency in ## It is equal to 100(NR)/(NP) •
S, Subject# The columns in question give the average -
numerical rating for the various subjects#
SD,r Standard Deviation. It refers to ASR.
The term "Average Subjective Zero" gives the average value 
of all the "ASR" figures for the "NC" cases of a particular dilu­
tion type and programme material combination#.
10.2
Average Subjective Zero = 1.43 — 1 PINK NOISE
f0 Q lDol SI S2 S3 S4 S5 S6 S7 S8 ASR SD
4000 NC 1.0 0.0 0.0 0.0 4.0 2.0 3*0 0.0 1.25 1.58
2000 200 -16 2.0 0.0 1.0 0.0 1.0 2.0 4.0 1.0 1.38 1.30
2000 25 -20 2.0 0.0 0.0 0.0 1.0 2.0 5.0 0.0 1*25 1.75
2000 6 -20 0.0 0.0 1.0 1.0 2.0 1.5 4.0 0.0 1.19 1.36
2000 3 -20 1.0 0.0 1*5 0.0 3.0 2.0 3.5 0.0 1.38 1.38
2000 NC 0.0 0.0 0.0 1.0 4.0 1.0 4.0 0.0 1.25 1.75
2000 NC 0.0 0.0 0.0 0.0 4.0 2.0 5.5 0.0 1.44 2.19
2000 NC 0.0 0.0 0.5 0.0 3*0 2.0 4.0 0.0 1.19 ' 1.60
1000 200 -16 0.0 0.0 0.0 0.0 1*5 0.5 6.5 0.0 1.06 2.26
1000 100 -16 0.0 0.0 0.0 0.0 1.0 1.0 6.0 3.0 1.38 2.13
1000 100 -12 0.0 0.0 1.0 0.0 1.0 1.0 4.0 0.0 0.87 1.36
1000 50 -16 1*5 0.0 0.0 0.5 1.0 2.0 5.5 0.0 1*31 1.85
1000 25 -20 1*5 0.0 0.0 0.0 1.0 2.5 5.0 1.0 1.38 1*71
1000 12 -20 0.0 0.0 0.0 0.0 1.0 1.0 5.0 0*0 0.87 1.73
1000 NC 0.0 0.0 0.5 0.0 0.0 2.0 4.0 0.0 0.81 1.46
500 200 -26 2.0 0.0 0.0 0.0 1.5 1.5 5.5 0.0 1.31 1.89
500 200 -20 0.5 0.0 0.0 0.0 1.0 1.0 4.5 0.0 0.87 1.53
500 200 -16 0.0 0.0 0.0 0.0 1*5 1.0 8.0 0.0 1.31 2.76
500 200 -12 0.5 0.0 2.5 0.0 0.0 1.0 5.5 0.5 1.25 1.91
500 200 -9 1*5 1*5 0.0 ..0.0 0.0 0.5 3.5 1.5 1.06 1.21
500 200 -6 2.5 0.0 0.0 0.0 2.5 0.5 3.0 1.0 1.19 1.28
500 100 -26 1*5 0.0 0.0 0.0 1.0 1.0 7.0 0.0 1.31 2.37
500 100 -20 1.0 0.0 1.0 0.0 1.0 0.5 3.5 0.5 0.94 1.12
500 100 -16 1.5 0.0 1.0 0.0 1.0 0.0 3.0 0.0 0.81 1.07
500 100 -12 1.0 0.0 1.0 0.0 1.0 0.5 4.0 0.0 0.94 1.32
-500 50 -20 2.0 0.0 0.0 0.0 2.0- 0.5 5.5 0.0 1.25 1.93
500 50 -16 3.0 0.5 2.0 0.0 1.5 0.0 4.0 0.0 1.38 1.53
500 50 -12 ,1.5 0.0 0.0 0.5 1.5 1.5 6.0 0.0 1.38 2.00
500 25 -20 1.0 0.5 1.0 0.0 1.0 0.0 4.5 0.0 1.00 1.49
500 25 -16 2.5 0.0 0.0 0.0 1.0 1.0 4.5 0.0 1.13 1.62
500 12 -26 0.5 0.0 0.0 0.0 1.5 0.5 3.5 0.0 0.75 1.22
500 12 -20 1.5 1.0 0.0 0.0 1.0 0.5 5.0 0.0 1.13 1.66
500 6 -26 0.5 0.0 0.5 0.0 1.0 0.5 3.5 0.0 0.75 1.16
500 6 -20 1.0 0.0 0.0 0.5 1.5 1.5 7.0 0.0 1.44 2.34
500 6 -16 3.0 0.0 0.0 0.0 1.5 0.5 4.0 2.5 1.44 1.57
500 3 -26 1.0 0.0 0.0 0.0 1*5 0.5 4.0 0.0 0.87 1.38
500 NC 1.5 0.0 0.0 0.0 1.0 1.0 6.0 0.5 1.25 2.00
500 NC . 0.5 0.0 0.5 0.0 1.0 0.5 5.5 1.5 1.19 1.81
500 NC 0*5 0.0 0.5 0.5 1.0 0.5 7.0 0.0 1*25 2.35
250 200 -16 0.0 0.5 0.0 0.0 1.5 1*5 7.5 0.0 1.38 2.56
250 200 -12 0.5 0.0 0.5 0.0 1.0- 0.0 7.5 0.5 1.25 2.55
250 100 -20 0.0 0.0 0.0 0.0 1*5 1.0 7.0 1.5 -1.38 2.37
250 100 -16 0.0 0.0 0.0 0.0 4*0 1.0 5.0 0.0 1*25 2.05
250 100 -12 0.0 0.0 2.0 0.0 2.0 0.0 5.0 1.0 1.25 1.75
250 50 -20 0.0 0.0 0.0 0.0 1.0 0.5 7.5 0.0 1*13 2.60
250 50 -16 0.0 0.0 0.0 0.0 2.0 0.0 7.5 0.0 1.19 2.64
250 25 -20 1.0 0.0 0.0 0.5 1.0 1*5 4.0 0.0 1.00 1.34
250 25 -12 0.0 o .o - 0.0 0.0 0.5 1.5 7.5 0.5 1*25 2.58
250 6 -20 1.0 0.0 0.0 0.0 2.0 0.5 5.0 0.0 1.06 1.74
250 3 -20 2.0 0.0 0.0 0.0 1.0 1.0 5.0 0.0 1*13 1.73
250 3 -16 0.5 0.0 0.5 0.5 1*5 1.0 6.0 0.0 1.25 1.98
10.3
PINK NOISE
fo Q N
SI S2 S3 S4 S5 S6 S7 S8 ASR SD
250 NC 0.5 0.0 0.0 0.5 1*5 0.5 7.0 0.5 1.31 2.34
250 NC 2.0 0.0 0.0 0.5 2.0 1.5 4.0 0.0 1.25 1.41
125 100 -12 2,0 0.0 0.0 0.0 1.5 1.0 5.5 0.0 1.25 1.89
125 100 -9 1.0 0.0 0.0 0.0 2.0 0.0 7.0 0.0 1.25 2.43
125 100 -4 3.0 0.0 0.0 1.0 1.0 1.0 5.0 0.0 1.38 1.77
125 50 -16 2.0 0.5 0.0 0.0 2.0 1.0 5.0 0.0 1.31 1.71
125 50 -12 1.5 0.0 0.0 0.5 1.0 1.5 6.0 0.0 1.31 2.00
125 50 -9 1.0 0.0 0.0 0.0 1.5 0.5 6.0 0.0 1.13' 2.05
125 25 ■-20 0.0 4.0 0.0 0.0 1.0 2.0 3.0 0.0 1.25 1.58
125 25 ■-12 1.5 0.0 0.0 0.0 ■1.5 0.0 7.5 0.5 1.38 2.56
125 25 -9 1.0 0.0 0.0 0.0 1.0 1.5 6.0 0.0 1.19 2.03
125 12 -20 2.0 0.0 0.0 0.0 1.0 1.0 7.0 0.0 1.38 2.39
125 12 ■-12 1.0 0.0 1.0 0.0 3.5 0.0 5.5 0.0 1.38 2.05
125 6 ■-20 0.0 0.0 0.0 0.0 1.0 2.0 4.0 0.0 0.87 1.46
125 3 *-20 1.0 0.0 0.5 1.5 2.0 1.0 5.0 0.0 1.38 1.62
125 3 ■-16 0.0 0.0 0.0 0.0 2.0 1.0 5:o 0.0 1.00 1.77
125 NC 0.0 0.0 0.0 0.0 1.0 1.0 5.0 0.0 0.87 1.73
125 NC 1.0 0.0 0.0 0.0 0.5 0.5 5.5 0.0 0.94 1.88
63 50 •-16 0.5 0.0 0.0 0.0 1.5 1.5 6.0 0.0 1.19 2.05
63 50 •-12 0.0 0.0 0.0 1.0 1.0 1.0 8.0 0.0 1.38 2.72
63 50 -9 0.5 0.0 0*0 0.0 1.5 0.0 4.0 0.0 0.75 1.41
63 50 -6 0.0 0.0 0.0 0.0 1.5 1.5 7.0 0.0 1.25 2.42
63 25 ■-16 1.5 0.0 0.0 0.0 0.5 1.0 6.5 0.0 1.19 2.22
63 25 -9 0.5 0.0 0.5 0.0 1.0 0.5 6.5 0.0 1.13 2.20
63 25 -6 2.0 0.5 0.0 0.5 0.5 0.5 6.0 0.5 1.31 1.98
63 25 -4 2.0 0.5 0.0 0.5 1.0 1.0 3.5 0.5 1.13 1.13
63 12 ■-16 0.0 0.0 0.0 0.0 0.5 . 2.0 7.0 0.0 1.19 2.45
63 12 •-12 0.0 0.0 0.0 0.5 1.5 1.0 4.0 0.0 0.87 1.38
63 12 -9 1.0 0.5 0.0 0.0 1.0 0.5 5.0 0.5 1.06 1.64
63 12 -6 1.5 0.0 0.0 0.0 1.5 0.5 6.5 0.0 1.25 2.22
63 6 ■-16 2.5 0.0 0.0 0.5 1.0 1.5 4.5. 0.5 1.31 1.53
63 6 -12 0.5 0.0 0.0 0.0 1.0 1.5 4.0 0.0 0.87 1.38
63 3 -20 1.0 0.0 0.0 0.0 1.0 1.5 6.0 0.0 1.19 2.03
63 3 ■-16 1.5 0.0 0.0 0.5 1.0 1.5 7.0 0.0 1.44 2.34
63 NC 0.0 0.0 0.0 0.0 0.5 1.5 7.5 0.0 1.19 2.60
63 NC 0.0 0.0 0.0 0.0 1.0 0.0 4.0 0.0 0.62 1.41
1.5 1.5 1-0 1.0 3.0 2.0 4.5 1.0 1.94 1.24
3.0 0.0 0.0 1.0 6.0 2.0 4.0 0.0 2.00 2.20
4.0 1.0 0.0 1.0 5.0 2.5 3.0 2.0 2.31 1-67
2.0 0.5 0.0 1.0 1.5 2.0 6.0 0.5 1.69 1-89
0.0 0.0 1.5 1.0 4.0 2.0 3-0 1.0 1.56 1.40
1.0 0.5 0.0 1.0 5-0 3.0 5.0 0.0 1.94 2.11
2.0 0.5 0.5 1.0 5.0 1.5 4.5 2.0 2.13 1-73
3.0 0.0 0.0 0.0 4-0 3.0 4-0 0.0 1.75 1-91
2.0 0.5 3-0 1.0 3.5 2.0 5.0 0.0 2.13 1-66
2.0 0.5 1-5 2.0 3-0 2.0 6.0 0.0 2.13 1-83
5.0 0.5 1.0 0.0 3.0 2.5 5.5 0.0 2.19 2.19
3.0 0.5 1.0 1.0 2.5 2.0 4.5 1.0 1.94 1.35
4.0 2.0 1.0 0.0 4.0 2.5 4.5 0.0 2.25 1.81
2.0 0.0 0.0 1.0 3.0 3.0 4.0 2.0 1.88 1.46
8000 200 -12 
8000 100 -16 
8000 100 -12 
8000 50 -20 
8000 NC
8000 - NC
4000 200 -16 
4000 200 -12 
4000 100 -16 
4000 100 -12 
4000 100 -9
4000 12 -20 
4000 6 -20 
4000 NC
10.4
PINK NOISE
f0 Q K \
SI S2 S3 S4 S5 S6 S7 S8 ASR SD
2000 200 -12 4.0 0.0 0.0 0.0 4.0 1.0 3-0 0.0 1.50 1.85
2000 200 -9 2.0 0.0 2.0 0.0 2.0 3.0 6.0 0.0 1.88 2.03
2000 200 -6 3.5 0.5 1.5 0.0 0.5 4.0 6.0 0.0 2.00 2.24
2000 100 -20 0.5 0.0 0.5 1,0 2.5 2.0 9.0 0.5 2.00 2.95
2000 100 -16 1.5 0.0 0.5 0.5 1.5 3.0 9.0 0.0 2.00 2.00
2000 100 -12 4.0 0.0 2.0 1.0 1.0 2.0 4.0 0.0 1.75 1.58
2000 100 -9 2.0 0.0 3.0 0.0 1.0 1.5 5.0 0.0 1.56 1.76
2000 50 -20 0.0 0.0 0.0 1.0 2.0 2.0 6.0 1.0 1.50 2.00
2000 50 -16 3.0 0.0 0.0 1.0 3.0 1.0 4.5 0.0 1.56 1.72
2000 25 -16 1.0 0.0 1.0 1.0 1.0 2.0 5.0 3.0 1.75 1.58
2000 25 -12 3.0 0.5 1.0 0.5 1.0 3.5 7.0 2.0 2.31 2.20
1000 200 -12 0.5 0.0 0.0 0.0 1.5 2.5 8.0 0.5 1.63 2.72
1000 200 -9 3.0 0.0 0.0 0.5 1.0 2.5 6.5 1.5 1.88 2.17
1000 100 -20 0.0 0.0 0.5 1.0 4.0 2.0 9.0 1.0 .2.19 3.05
1000 100 -9 2.0 0.5 1.0 0.0 1.0 2.0 6.5 0.0 1.63 2.12
1000 50 -20 1.5 0.5 0.5 0.0 1.0 2.0 6.0 0.5 1.50 1.93
1000 50 -12 1.5 0.5 1.0 0.5 2.0 2.5 8.0 0.5 2.06 2.51
1000 50 -9 3.0 2.0 1.5 0.0 2.0 2.0 5.0 0.0 1.94 1.61
1000 25 -12 5.0 0.5 2.0 0.5 2.5 2.5 6.5 0.0 2.44 2.29
1000 12 -16 4.0 0.0 2.0 0.0 3.0 2.0 8.0 0.0 2.38 2.72
1000 12 -9 2.0 1.0 3.0 0.0 3.0 2.0 7.5 0.5 2.38 2.34
1000 6 -20 1.0 0.0 1.0 0.0 1.5 1.0 7.0 0.5 1.^ 50 2.28
1000 6 -16 0.0 0.0 0.0 0.5 3.0 2.0 7.0 0.5 1.63 2.43
1000 5 -20 3.0. 0.0 0.0 0.0 2.0 1,0 5.0 1.0 1.50 1.77
1000 NC 0.5 0.0 1.5 0.5 3*0 1.5 8.0 0.0 1.88 2.67
1000 NC 0.5 0.0 2.0 0.0 3.0 2.5 5.0 0.0 1.63 1.83
500 100 -9 2.0 0.0 1.5 0.5 1.5 1.5 5.5 0.0 1.56 1.76
500 100 -6 3.0 0.5 1.0 1.0 1.5 ' 1.5 5.5 0.5 1.81 1.69
500 50 -26 1.5 0.0 0.0 0.0 1.5 1.0 8.5 0.0 1.56 2.88
500 50 -9 3.0 0.0 2.5 1.0 1.0 0.5 5.5 1.5 1.88 1.77
500 25 -26 2.5 0.5 0.0 0.0 3.0 0.0 6.0 0.5 1.56 2.15
500 12 -16 2.5 0.5 0.0 0.5 3.0 2.0 5.5 2.0 2.00 1.77
500 3 -20 3.0 0.0 1.5 0.5 2.5 2.0 4.5 0.0 1.75 1.58
500 3 -16 2.0 0.0 2.0 0.0 2.0 1.0 3.0 2.0 1.50 1.07
250 200 -9 0.5 0.5 2,5 0.5 1.0 0.5 8.0 0.5 1.75 2.62
250 200 -6 1.5 0.0 4.5 1.0 2.5 1.0 5.0 0.5 2.00 1.85
250 100 -9 1.0 1.0 2.0 0.5 1.0 2.0 5.0 0.0 1.56 1.55
250 100 -6 3.5 0.5 1.0 0.0 4.0 1.5 6.5 1.5 2.31 2.19
250 50 -12 1.0 0.0 0.0 0.5 2.0 1.0 9.0 0.0 1.69 3.03
250 50 -9 3.0 1.0 0.0 0.0 4.0 1.0 7.0 0.0 2.00 2.51
250 25 -16 1.5 0.0 0.0 0.5 2.5 1.0 6.5 0.5 1.56 2.16
250 25 -9 3.0 1.5 0.0 1.5 4.0 1.5 7.0 1.0 2.44 2.21
250 12 -20 1.0 0.0 0.0 0.0 2.0 3.0 6.0 1.0 1.63 2.07
250 12 -16 0.0 0.5 0.0 1.0 3.0 2.0 6.0 0.0 1.56 2.09
250 12 -12 2.5 0.5 0.0 1.5 1.5 2.0 6.5 0.5 1.88 2.05
250 6 -16 0.0 0.0 0.0 0.0 2.0 2.0 8.5 2.0 1.81 2.88
250 6 -12 2.0 0.0 2.0 1.0 2.0 2.0 5.0 1.0 1.88 1.46
250 NC 2.0 0.0 0.0 0.0 3.0 2.0 5.0 0.0 1.50 1.85
125 100 -16 2.0 1.0 0.0 0.5 1.0 1.0 7.0 0.0 1.56 /2.29
125 100 -6 2.0 0.5 4.5 1.0 1.0 2.0 4.0 0.0 1.88 '1.62
125 50 -6 1.0 0.0 3.0 0.0 3.0 2.0 7.0 0.0 2.00 2.39
125 50 -4 4.0 0.5 1.5 0.5 2.5 2.0 7.5 0.0 2.31 2.46
10.5
PINK NOISE
fo Q W SI S2 S5 S4 S5 S6 S7 S8 ASR SD
125 25 -16 5*0 1.5 0.0 0.0 1.0 2.0 6.0 2.0 1.94 1.94
125 12 -16 1.0 0.0 0.0 1.5 4.5 0.5 6.0 1.0 1.81 2.22
125 12 -9 1*5 0.5 1.0 0.5 2.0 1.5 7.5 0.0 1.81 2.59
125 • 6 -16 1.0 0.0 0.5 0.0 2.0 2.0 7.0 0.5 1.63 2.31
125 6 -12 5*5 0.0 2.0 0.5 2.5 2.0 7.5 1.0 2.38 2.36
65 50 -4 5*0 0.0 0.5 0.0 1.0 1.0 7.0 0.5 1.63 2.37
65 25 -12 2.0 0.0 0.0 1.0 1.5 1.0 6.5 0.0 1.50 2.15
65 6 -20 0.5 0.5 0.0 0.0 1.0 1.0 7.0 4.5 1.81' 2.55
65 6 -9 0.5 5.5 0.5 0.0 1.5 1.5 8.0 1.5 2.13 2.60
- 65 5 -12 1.5 0.5 2.0 0.5 1.5 2.5 7.0 0.0 1.94 2.21
8000 200 -16 0.5 1.5 4.0 1.0 6.0 2.5 8.0 1.0 3.06 2.72
8000 200 -9 1.0 2.0 2.0 1.0 5.0 2.5 7.0 1.5 2.50 1.95
8000 100 -9 2.0 1.0 2.0 1.0 5.0 2.0 6.5 6.0 3.19 2.27
8000 50 -16 1.5 4.0 2.0 1.0 5.0 2.5 5.5 5.0 3.06 1.64
8000 50 -12 1*5 2.5 1.0 1.0 5.0 2.5 8.0 2.0 2.69 *2.27
8000 50 -9 5*0 4.0 2.5 0.0 5.0 2.0 5.0 4.0 3.19 1.69
8000 25 -20 5*0 0.5 1.0 1.0 5.0 2.0 7.5 1.0 2.63 2.46
8000 25 -16 2.5 1.5 5.5 1.0 6.0 2.0 6.0 2.0 3.06 1.95
8000 12 -20 2.0 1.0 2.0 1.0 5.0 5.5 6.0 2.0 2.81 1.85
8000 6 -20 2.5 2.0 2.0 1.0 5.0 5.0 5.5 2.5 2.69 1.31
8000 5 -20 4.0 5.0 5.0 2.0 5.0 2.0 5.0 1.0 5.15 1.46
8000 NC 1*5 2.0 5.0 1.0 4.0 2.5 7.0 1.0 2.75 2.00
4000 200 -9 6.0 0.5 4.5 0.0 5.0 5.0 7.0 1.0 5*15 2.57
4000 200 -6 4.0 1.5 5.0 0.5 2.5 5.0 4.5 2.0 2.63 1.30
4000 100 -20 4.0 0.0 5.0 1.0 4.5 5.0 6.0 0.0 2.94 2.34
4000 100 -6 7.0 ^4.0 4.0 2.0 5.0 - 5.0 2.0 1.0 3.25 1.83
4000 50 -20 5*0 0.0 5.0 0.0 5.0 4.0 5.0 1.0 2.88 2.23
4000 50 -16 5*0 0.0 4.0 1.0 4.0 4.0 6.0 1.0 2.88 2.03
4000 25 -20 5.5 2.5 2.5 1.0 2.0 5.5 7.5 1.5 3.00 2.02
4000 25 -16 5.0 0.5 2.5 2.0 4.0 5.0 5.5 0.0 2.56 1.78
4000 25 -12 2.5 2.0 2.0 0.0 2.5 5.0 8.5 5.0 3.19 2.55
4000 12 -16 2.0 5.5 5.0 1.5 5.5 5.0 7.0 1.0 3.51 1.96
4000 5 -20 4.0 0.0 8.0 1.0 5.0 2.0 5.0 2.0 5.15 2.53
4000 NC 4*0 O '. O . 2.0 1.0 5.0 5.0 4.0 2.0 2.63 1.69
2000 50 -12 2.5 1.0 2.0 1.0 5.0 4.0 4.0 5.0 2.56 1.18
2000 12 -20 2.5 1.5 4.0 1.0 2.5 1.0 8.0 2.5 2.88 2-. 30
2000 12 -16 5.0 2.0 1.0 1.0 1.5 5-0 9.0 2.0 2.81 2.62
2000 12 -12 2.5 5.0 5.0 0.5 1.5 4.0 8.0 5.0 3.44 2.31
2000 6 -16 2.5 1.0 4.0 0.0 2.0 5.0 8.0 5.0 2.94 2.40
2000 5 -16 4.0 1.0 2.0 1.0 5.0 2.0 5.0 1.0 2.63 1.77
1000 200 -6 2.5 5.0 1.5 1.0 5.5 2.0 8.5 0.5 2.81 2.51
1000 25 -16 5.0 2.0 1.0 1.0 5.5 5.0 7.0 0.0 2.81 2.39
1000 6 -12 4.0 5.0 5.0 1.0 5.0 2.0 5.5 2.5 5.25 1.51
1000 5 -16 5.0 1.0 2.5 1.0 1.5 2.5 7.0 2.5 2.63 1.92
500 25 -12 5.5 0.5 1.0 1.0 2.0 1.0 9.0 2.5 2.56 2.78
500 25 -9 5.5 5.0 5.5 1.0 2.0 1.5 4.0 2.5 2.63 1.06
500 12 -12 5*5 1.5 4.5 1.5 4.0 5.5 6.5 2.0 5.57 1.71
500 6 -12 2.5 0.5 2.0 1.5 2.0 5.0 7.0 5.5 3.00 2.17
250 50 -6 4.0 1.0 5.0 2.0 4.0 4.0 7.0 2.0 3.57 1.85
10.6
PINK NOISE
f0 Q N
SI S2 S3 S4 S5 S6 S7 S8 ASR SD
250 12 -9 4.0 2.0 1.0 0.0 3.5 1.5 6.0 2.5 2.56 1.90
250 3 -12 4.0 1.0 2.0 2.0 2.0 2.0 5.0 7.0 3.13 2.03
125 100 -2 4.0 1.0 4.0 1.5 4.0 2.0 8.5 2.5 3.44 2.37
125 25 -6 4.0 1.5 4.0 1.0 2.0 1.5 7.0 1.0 2.75 2.10
125 12 -6 3.0 0.0 2.5 1.0 2.5 1.5 8.0 2.0 2.56 2.40
125 6 -9 3.0 5.0 3.0 2.0 3.0 2.0 5.0 3.0 3.25 1.16
125 3 -12 3.0 2.5 3.0 1.5 2.5 2.0 7.5 1.5 2.94, 1.94
63 50 -2 6.0 0.5 0.5 1.5 2.5 3.0 7.0 0.5 2.69 2.55
63 12 -4 5.0 0.5 2.0 1.5 2.5 2.0 6.5 2.0 2.75 1.98
63 6 -6 3.0 4.5 1.5 0.5 1.5 2.5 8.5 2.0 5.00 2.52
63 6 -4 4.0 2.5 3.0 1.5 3.5 1.0 7.0 1.5 3.00 1.93
63 3 -9 2.5 0.5 3.5 0.0 1.5 2.0 7.0 3.0 2.50 2.17
8000 200 -6 2.5 4.5 2.5 0.5 5.0 3.0 8.0 3.0 3.63 2.23
8000 200.: -4 5.0 6.5 6.0 3.0 6.0 2.0 4.0 2.0 4.31 1.83
8000 100 -20 4.0 3.0 5.0 1.0 5.5 4.0 6.5 1.0 3.75 2.00
8000 25 -12 3.0 2.0 2.5 1.5 4.5 3.0 8.0 7.0 3.94 2.38
8000 12 -16 6.0 1.0 2.0 2.0 7.0 2.5 6.0 3.0 3.69 2.28
8000 12- -9 3.0 2.5 2.5 2.0 5.0 2.5 4.0 8.0 3.69 2.00
8000 6 -16 4.0 3.0 5.5 2.0 6.0 2.5 5.0 7.0 4.38 1.79
4000 50 -12 2.0 1.5 9.0 1.5 4.5 2.0 6.5 1.0 3.50 2.90
4000 50 -9 6.0 5.0 5.0 3.0 3.0 4.0 4.0 0.0 <3.75 1.83
4000 6 -16 4.0 4.0 7.0 0.5 4.0 3.0 7.0 2.0 3.94 2.24
2000 100 -6 7.0 3^5 5.0 1.0 4.0 2.0 10.0 1.0 4.19 3.12
2000 50 -9 5.0 1.0 4.0 4.0 4.0 2.0 9.0 0.0 3.63 2.77
1000 200 -4 6.0 6.5 6.5 2.0 1.0 '4.0 6.0 0.0 4.00 2.66
1000 100 -6 3.0 5.0 3.5 1.0 5.0 4.0 7.0 4.0 4.06 1.74
1000 50 -6 4.0 6.0 3.5 1.0 4.0 3.0 5.0 6.0 4.06 1.66
1000 25 -9 2.0 4.5 5.5 1.5 3.5 6.5 8.0 0.5 4.00 2.60
1000 12 -12 5.0 2.0 5.5 0.0 2.0 5.5 7.0 1.5 3-56 2.48
500 200 -4 4.5 4.5 3.0 1.0 3.0 5.5 5.5 2.0 3.63 1.64
500 25 -6 4.5 7.5 5.0 2.0 3.0 3.0 5.5 5.0 4.44 1.74
500 3 -12 4.0 3.5 7.0 1.0 3.0 2.5 6.0 1.5 3.56 2.08
500 3 -9 4.0 7.5 1.0 1.0 1.0 2.0 7.0 8.5 4.00 3.22
250. 200 -4 5.0 2.0 7.0 1.0 5.0 4.0 8.0 3.0 4.38 2^39
250 25 -6 6.0 7.0 1.0 2.0 3.0 4.0 5.0 4.0 4.00 2.00
125 25 -4 4.0 5.5 3.5 3.0 5.0 3.0 9.0 •1.0 4.25 2.36
63 25 -2 5.0 2.5 0.5 3.5 4-0 5.0 8.5 6.5 4.44 2.44
63 12 -2 5.5 3.0 5.5 3.0 4.0 3-5 7.5 3.5 4.44 1.59
63 - 3 -6 4.5 1.0 3.5 2.5 3.0 4.0 8.5 3.5 3.81 2.17
8000 25 -9 4.0 4.0 5.5 1.5 5.0 4.0 7.5 6.0 4.69 1.77
8000 12 -12 3.5 3.5 5.5 1.5 5.0 4.5 7.5 7.5 4.81 2.05
8000 6 -12 4.0 3.5 6.5 2.0 5.5 3.5 9.0 8.0 5.25 2.43
8000 3 -16 3.5 3.5. 6.5 1.5 4.0 4.0 9.0 9-5 5.19 2.85
4000 25 -9 6.0 5.5 8.5 2.0 3.5 5.0 6.0 2.5 4.88 ' 2.13
4000 12 -12 5.5 3.5 6.5 0.5 3.5 3.0 7.0 8.0 4.69 2.49
4000 6 -12 7.0 4.0 8.0 1.5 4.0 4.0 7.0 3.0 4.81 2.27
10.7
PINK NOISE
f o ti Pol SI S2 S5 S4 S5 S6 S7 S8 ASR SD
4000 3 -16 8.0 6.0 0.0 1.0 5.0 5.0 6.0 5.0 4.50 2.67
2000 200 -4 6.0 6.5 7.0 2.0 6.0 5.5 5.0 2.0 5.00 1.95
2000 50 -6 5.5 7.5 8.0 1.5 5.0 4.5 8.0 4.5 5.51 2.40
2000 25 -9 5.0 7.0 6.0 1.0 4.5 4.5 9.0 4.0 5.15 2.34
2000 12 -9 3.5 7.0 6.5 2.0 4.0 9.0 8.5 5-0 5.44 2.65
2000 6 -12 4.0 5.0 5.5 0.5 5.5 6.0 8.0 8.5 4.88 2.67
2000 3 -12 4.0 5.0 7.0 2.0 6.0 5.0 5.5 9.0 5.19 2.24
1000 3 -12 7.0 5.5 6.5 5.0 5.0 5.0 7.0 5.0 4.75 * 1.85
500 100 -4 5.0 7.5 2.0 5.0 2.0 5.5 8.0 7.0 5.00 2.43
500 50 -6 3.0 7.5 5.5 4.0 4.5 6.5 9.0 5.5 5.44 2.09
500 12 -9 4.0 7.0 5.0 2.0 4.5 .4.5 4.0 8.0 4.88 1.87
500 6 -9 4.0 5.0 6.0 1.0 5.0 5.0 8.5 5.5 4.75 2.20
250 100 -4 6.0 5.0 5.0 5.0 5.0 5.0 9.0 7.0 5.15 2.17
250 50 -4 5.0 7.0 4.0 2.0 5.0 5.5 10.0 5.0 5.19 2.48
250 12 -6 4.0 5.0 5.0 1.5 4-0 5.0 10.0 5.5 4.50 2.55
250 6 -9 5.0 5.0 4.0 2.5 5.0 2.5 9.5 7.5 4.63 2.59
250 5 -9 4.0 7.5 2.0 2.5 5.0 5.5 10.0 4.0 4.81 2.74
125 12 -4 5.0 7.0 5.0 5.0 4.0 4.0 9.0 5.0 5.25 1.91
125 6 -6 4.0 5.0 4.5 4.0 4.0 5.0 7.0 7.0 5.06 1.27
125 3 -9 6.0 5.5 9.0 2.0 5.0 5.0 10.0 2.0 5.31 2.96
8000 100 -6 6.5 5.0 6.0 2.0 5.5 5.5 7.0 9.0 5.56 2.15
8000 100 -4 6.0 8.5 6.5 5.0 5.0 4.0 9.0 9.0 6.38 2.31
8000 100 -2 6.0 5.0 8.5 2.5 5.5 6.0 9.0 9.0 6.44 2.27
8000 50 -6 7.0 7.0 4.0 2.0 6.0 4.0 7.0 10.0 5-88 2.47
8000 3 -12 7.0 6.5 6.0 5.0 5.0 4.0 8.0 5.0 5.56 1.64
4000 200 -4 5.0 6.0 9.0 5.0 4.0 5.0 5.0 9.0 5.50 2.39
4000 50 -6 7.5 8.0 8.0 2.5 5.5 4.5 8.5 2.5 5.63 2.63
4000 12 -9 6.5 7.5 7.5 2.0 5.0 6.5 8.0 8.0 6.38 2.03
2000 200 -2  ^ 5.5 8.0 7.5 1.0 4.0 7.5 10.0 6.5 6.25 2.76
2000 6 -9 5.5 7.5 6.5 1.5 5.5 8.0 8.0 9.0 6.19 2.56
1000 100 -4 7.0 7.0 7.5 2.0 6.0 6.0 7.0 7.0 6.19 1.77
1000 25 -6 5.0 7.0 7.0 2.0 5.0 6.0 10.0 6.0 5.75 2.49
1000 3 -9 6.0 8.0 10.0 1.0 4.0 4.0 8.0 7.0 6.00 2.88
500 12 -6 6.5 7-5 8.5 2.0 4.0 6.5 8.5 7.0 6.31 2.25
250 25 -4 5.0 5.0 4.0 4.0 6.0 10.0 10.0 8.0 6.25 2.76
250 12 -4 5.0 8.0 4.0 5.5 5.0 8.5 10.0 6.0 6.25 2.33
125 50 -2 8.0 7.0 5.0 5.0 5.0 4.0 7.0 7.0 6.00 1.41
125 5 -6 6.0 5.5 9.5 4.0 5.5 7.0 8.0 6.0 6.19 1.98
63 3 -4 4.5 5.5 6.0 4.0 4.5 6.0 9.5 8.0 5-75 2.09
8000 25 -6 7.0 7.0 o • o 4.0 7.5 4.0 9.0 9.0 7.19 2.24
4000 6 -9 6.0 7.5 10.0 2.5 5.0 9.5 10.0 9.0 7.44 2.73
4000 3 -12 5.0 6.0 9.0 2.0 6.0 7.0 9.0 9.0 6.63 2.45
2000 25 -6 5.0 7.5 9.0 5.0 5.0 8.5 10.0 7.0 6.75 2.51
2000 3 -9 5.0 8.0 10.0 2.0 5.0 9.0 10.0 7-0 7.00 2.83
10.8
PINK NOISE
fo Q lDol SI S2 S3 S4 S5 36 S7 S8 ASR SD
1000 50 -4 5*5 8.0 10.0 2.0 5.0 9.0 10.0 9.0 7.31 2.87
1000 25 -4 5.0 8.5 7.5 3.0 7.0 10.0 10.0 8.0 7.38 2.40
500 200 -2 7.0 8.5 8.0 4.0 6.0 8.0 6.5 7.5 6.94 1.45
500 25 -4 6.5 9.0 9.5 4.5 3.0 9.5 9.0 8.0 7.38 2.47
500 6 -6 4.5 9.0 8.5 2.0 4.0 10.0 9.0 7.5 6.81 2.91
250 200 -2 7.0 4.0 8.0 3.0 7.0 8.0 10.0 9.0 7.00 2.39
250 6 -6 6.0 9.0 7.5 4.0 6.0 4.0 10.0 6.0 6.56 . 2.16
125 25 -2 7.0 6.0 8.0 3.0 6.0 5.0 10.0 9.0 6.75 2.25
63 - 6 -2 6.5 7.0 9;0 4.5 5.5 10.0 10.0 1.5 6.75 2.94
63 3 -2 5.5 8.0 9.5 4.0 5.0 7.0 10.0 7.5 7.06 2.13
8000 50 -4 6.0 7.5 10.0 4.0 8.0 8.0 10.0 8.0 7.69 1.98
8000 6 -9 7.0 6.5 9.5 3.5 7.0 8.5 9.5 8.5 7.50 1.98
8000 6 -4 J8.0 8.0 10.0 6.0 8.0 10.0 9.0 8.0 8.38 1.30
8000 3 -9 7.0 7.5 10.0 4.0 6.0 6.0 10.0 10.0 7.56 2.26
4000 25 -6 9.0 8.5 9.0 5.0 7.0 5.5 10.0 9.0 7.88 1.83
4000 12 -6 7.0 8.0 9.0 5.0 6.0 10.0 10.0 9.0 8.00 1.85
4000 3 -9 8.0 7.5 10.0 3.5 6.0 8.5 10.0 10.0 7.94 2.29
2000 100 -4 6.0 8.0 10.0 3.0 5.0 10.0 10.0 9.0 7.63 2.67
2000 100 -2 7.0 9.0 10.0 3.0 5.5 10.0 10.0 8.0 7.81 2.53
2000 25 -4 6.5 9.5 9.5 4.5 5.5 10.0 10.0 9.5 8.13 2.25
2000 12 -6 8.0 8.0 8.5 5.0 6.0 10.0 9.5 9.0 8.00 1.71
2000 6 -6 7.5 8.5 9.0 3.0 5.5 10.0 10.0 10.0 7.94 2.53
2000 3 -6 6.5 9.5 10.0 4.5 6.0 10.0 10.0 9.0 8.19 2.19
1000 12 -4 7.0 9.0 10.0 6.0 6.0 9.5 10.0 8.5 8.25 1.69
1000 6 -9 6.5 8.5 9.0 5.0 7.0 9.0 10.0 8.0 7.88 1.62
1000 6. -6 7.0 8.0 9.0 6.0 5.0 10.0 10.0 7.0 7.75 1.83
1000 6 -4 6.0 9.0 9.0 3.0 6.0 10.0 10.0 8.0 7.63 2.45
1000 3 -6 7.0 10.0 10.0 5.0 5.0 10.0 10.0 10.0 8.38 2.33
500 50 -4 7.0 8.5 8.5 4.5 5.0 10.0 10.0 7.0 7.56 2.08
500 25 -2 8.0 9.5 9.5 6.5 6.0 10.0 8.0 9.0 8.31 1.46
500 12 -4 7.0 9.0 9.5 4.5 5.5 10.0 10.0 9.5 8.13 2.17
500 6 -4 7.0 10.0 10.0 4.0 5.0 10.0 9.5 9.5 8.13 2.46
500 3 -6 6.0 9.5 10.0 3.5 6.5 9.0 10.0 9.5 8.00 2.39
250 50 -2 6.0 9.0 9.0 6.0 6.5 10.0 10.0 8.0 8.06 1.70
250 6 -4 6.0 10.0 7.0 4.0 6.0 8.0 10.0 9.0 7.50 2.14
250 3 -6 7.0 9.0 8.5 5.0 7.0 5.0 10.0 9.0 7.56 1.88
125 6 -4 7.0 6.0 10.0 4.0 7.0 7.0 10.0 9.0 7.50 2.07
8000 200 -2 8.0 9.5 8.0 5.0 9.0 10.0 9.0 10.0 8.56 1.64
8000 50 -2 8.0 10.0 10.0 ; 6 . 0 7.5 10.0 10.0 10.0 8.94 1.57
8000 25 -4 9.0 8.5 9.5 7.0 8.0 10.0 8.0 10.0 8.75 1.07
8000 12 -6 8.5 10.0 10.0 6.0 8.5 10.0 10.0 10.0 9.13 1.43
8000 12 -4 7.0 9.0 10.0 5.0 8.0 10.0 10.0 10.0 8.63 1.85
8000 12 -2 9.0 9.5 -10.0 7.0 8.0 10.0 10.0 10.0 9.19 1.13
8000 6 -6 9.0 8.0 10.0 6.0 8.0 10.0 10.0 10.0 8.88 1.46
8000 3 -6 10.0 9.0 10.0 7.0 8.0 10.0 10.0 10.0 9.25 1.16
4000 200 -2 9.0 9.5 10.0 6.5 7.5 10.0 10.0 9.0 8.94 1.29
10*9
PINK NOISE
f0 Q P J
SI S2 S3 S4 S5 S6 S7 S8 ASR SD
4000 100 -4 9.0 9.5 10.0 7.0 7.0 6.5 9 5 10.0 8.56 1.47
4000 100 -2 8.5 10.0 10.0 7.5 8.5 10.0 10 0 10.0 9.31 1.00
4000 50 -4 10.0 9.0 7.0 6.0 8.0 10.0 10 0 9.0 8.63 1.51
4000 25 -4 8.0 9.5 10.0 5.0 7.5 10.0 10 0 10.0 8.75 1.81
4000 6 -6 7.5 9.0 10.0 6.0 6.5 10.0 10 0 9.5 8.56 1.66
4000 6 -4 8.0 9.5 10.0 8.0 7.0 10.0 10 0 10.0 9.06 1.21
4000 3 -6 7.0 9.0 10.0 7.0 6.5 10.0 10 0 10.0 8.69 1.58
4000 3 -4 9.0 10.0 10.0 8.0 8.0 10.0 10 0 10.0 9.38 -0.92
2000 50 -4 9.Q 10.0 10.0 6.0 8.0 10.0 10 0 9.0 9.00 1.41
2000 . 12 -4 8.0 10.0 10.0 7.0 8.0 10.0 10 0 10.0 9.13 1.25
2000 6 -4 7.0 10.0 10.0 6.0 7.0 10.0 10 0 10.0 8.75 1.75
2000 3 -4 9.0 10.0 10.0 6.0 7.0 10.0 10 0 10.0 9.00 1.60
1000 200 -2 10.0 8.0 9.0 6.0 7.0 10.0 10 0 8.0 8.50 1.51
1000 100 -2 9.0 9.5 10.0 7.0 8.0 10.0 10 0 10.0 9.19 1.13
1000 50 -2 8.0 10.0 10.0 7.5 8.0 10.0 10 0 9.0 9.06 1.08
1000 12 -6 7.5 9.5 10.0 4.0 8.5 10.0 10 0 9.0 8.56 2.04
1000 6 -2 8.0 10.0 10.0 5.0 9.0 10.0. 10 0 10.0 9.00 1.77
1000 3 -4 8.0 10.0 10.0 5.0 6.0 10.0 10 0 10.0 8.63 2.07
500 100 -2 8.0 9.0 9.5 7.0 7.5 10.0 10 0 10.0 8.88 1.22
500 50 -2 9.0 10.0 10.0 8.0 7.5 10.0 10 0 10.0 9.31 1.03
500 12 -2 8.0 9.5 10.0 5.0 8.0 10.0 8 0 9.5 8.50 1.67
500 6 -2 10.0 10.0 10.0 8.0 7.0 10.0 10 0 10.0 9.38 1.19
500 3 -4 8.5 10.0 10.0 5.5 6.5 10.0 10 0 10.0 8.81 1.83
250 100 -2 8.0 8.5 10.0 6.0 7.5 10.0 10 0 9.0 8.63 1.43
250 6 -2 9.0 10.0 10.0 8.0 8.0 10.0 10 0 10.0 9.38 0.92
250 3 -4 9-0 10.0 10.0 6.0 9.0 10.0 10 0 9.0 9.13 1.36
125 12 -2 8.5 8.5 10.0 6.5 7.0 10.0 10 0 9.5 8.75 1.39
125 6 -2 9.0 9.5 10.0 7.5 7.5 10.0 10 0 10.0 9.19 1.10
125 3 -4 9.0 8.0 10.0 5.0 8.0 10.0 10 0 10.0 8.75 1.75
8000 25 -2 8.0 9.5 10.0 10.0 9.0 10.0 10 0 10.0 9.56 0.73
8000 6 -2 10.0 9.0 10.0 8.0 9.0 10.0 10 0 10.0 9.50 0.76
8000 3 -4 10.0 10.0 10.0 9.0 8.0 10.0 10 0 10.0 9.63 0.74
8000 3 -2 9.5 9.5 10.0 8.0 9.0 10.0 10 0 10.0 9.50 0.71
4000 50 -2 10.0 10.0 10.0 9.0 9.0 10.0 10 0 10.0 9.75 0.46
4000 25 -2 10.0 10; 0 10 ;0 8.0 9.0 10.0 10 0 10.0 9.63 0.74
4000 12 -4 9.0 10.0 10.0 8.0 9.0 10.0 10 0 10.0 9.50 0.76
4000 12 -2 10.0 10.0 10.0 9.0 9.0 10.0 10 0 10.0 9.75 0.46
4000 6 -2 10.0 10.0 10.0 9.0 9.0 10.0 10 0 10.0 9.75 0.46
4000 3 -2 10.0 10.0 10.0 10.Q 9.0 10.0 10 0 10.0 9.88 0.35
2000 50 -2 8.0 10.0 10.0 9.0 9.0 10.0 10 0 10.0 9.50 0.76
2000 25 -2 10.0 10.0 10.0 7.0 9.0 10.0 10 0 10.0 9.50 1.07
2000 12 -2 8.0 10.0 10.0 9.0 9.0 10.0 10 0 10.0 9-50 0.76
2000 6 -2 9.0 10.0 10.0 9.0 8.0 10.0 10 0 10.0 9.50 0.76
2000 3 -2 10.0 10.0 10.0 8.0 9.0 10.0 10 0 10.0 9.63 0.74
1000 25 -2 10.0 10*0= 10.0 -9.0 9.0 10.0 10 0 10.0 9.75 0.46
1000 12 -2 10.0 10.0 10.0 9.0 8.5 10.0 10 0 10.0 9.69 0.59
1000 3 -2 10.0 10.0 10.0 9.0 9.5 10.0 10 0 10.0 9.81 0.37
500 3 -2 10.0 10.0 10.0 10.0 8.5 10.0 10 0 10.0 9.81 0.53
1 0 .1 0
PINK NOISET ""
f0 lDol
SI S2 S3 S4 S5 S6 S7 S8 ASR SD
250 25 -2 9.0 10.0 10.0 8.0 9.0 10.0 10.0 10.0 9.50 0.76
250 12 -2 10.0 10.0 10.0 9.0 9.0 10.0 10.0 10.0 9.75 0.46
250 3 -2 10.0 10.0 10.0 10.0 9-0 10.0 10.0 10.0 9.88 0.35
125 3 -2 9.5 10.0 10.0 9.5 9.0 10.0 10.0 10.0 9.75 0.38
Average Subjective Zero = 0.36 ^ 0 SPEECH
F . '■« Pol SI S2 S3 S4 S5 S6 S7 S8 Av SD
8000 NC 0.0 0.0 0.5 1.0 0.0 0.0 0.0 2.0 0.44 0.73
8000 NC 0.0 0.0 0.0 0.0 1.0 1.5 0.0 0.0 0.31 0.59
4000
oC\i1 0.5 0.0 0.0 llo 1.0 0.0 0.5 0.5 0.44 0.42
4000 NC 1.0 0.0 0.0 0.5 1.0 0.5 0.0 0.0 0.38 0.44
2000 25 -16 0.0 0.0 0.0 0.0 1.0 0.5 0.0 2.0 0.44 0.73
2000 12 -20 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.12 0.35
2000 12 -12 1.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.25 0.46
2000 6 -20 0.0 0.0 0.0 0.0 1.0 0.0 0.5 0.0 0.19 0.37
2000 3 -20 0.0 0.0 0.0 0.0 0.0 1.5 0.5 0.0 0.25 0.53
2000 3 -16 0.5 0.0 0.0 0.0 0.5 1.5 0.5 0.0 0.38 0.52
2000 NC 0.0 0.0 0.0 0.0 0.5 1.5 0.5 0.0 0.31 .0.53
2000 NC 0.0 0.0 0.0 0.0 0.5 0.5 1.0 0.0 0.25 0.38
2000 NC 1.0 0.0 0.0 0.0 0.0 1.5 0.0 0.0 0.31 0.59
1000 100 -20 1.5 0.0 0.0 0.5 0.5 0.0 0.5 0.0 0.38 0.52
1000 100 -16 0.5 0.0 0.0 0.5 0.0 1.5 0.0 0.0 0.31 0.53
1000 50 -12 0.5 0.5 0.0 0.0 0.0 0.0 1.5 0.0 0.31 0.53
1000 25 -20 1.0 0.0 0.0 0.0 0.5 0.0 0.5 0.0 0.25 0.38
1000. - 25 -16 1.0 0.0 0.0 0.0 0.5 1.0 1.0 0.0 0.44 0.50
1000 12 -20 0.5 0.0 0.0 0.0 0.0 0.0 1.5 0.0 0.25 0.53
1000 6 -20 1.0 0.5 0.0 0.5 0.5 0.5 0.0 0.5 0.44 0.32
1000 6 -16 0.5 0.0 0.5 0.5 0.5 1.0 0.5 0.0 0.44 0.32
1000 NC 2.0 0.5 0.0 0.0 0.0 1.0 0.0 0.0 0.44 0.73
1000 NC 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 0.25 0.46
1000 NC 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.06 0.18
500 50 -20 0.0 0.0 0.5 0.0 1.5 0.5 0.0 0.5 0.38 0.52
500 25 -20 0.5 0.0 0.0 0.0 0.5 0.5 1.0 0.5 0.38 0.35
500 6 -20 1.0 0.0 0.0 0.0 1.0 0.0 1.0 0.0 0.38 0.52
500 NC 0.0 1.0 1.0 0.0 0.0 0.0 0.5 0.5 0.38 0.44
500 NC 1.0 0.0 0.0 0.0 0.0 1.0 0.0 0.5 0.31 0.46
500 NC 0.5 0.5't 0.0 0.0 0.5 1.0 0.0 0.0 0.31 0.37
250 25 -20 0.0 0.0 0.0 0.0 1.0 1.0 0.0 1.0 0.38 0.52
250 12 -20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.00
250 6 -20 1.0 0.0 0.0 0.0 0.5 1.0 0.0 0.0 0.31 0.46
250 6 -16 0.5- 0.0- 1.0 -0.0 0.5 1.5 0.0 0.0 0.44 0.56
250 6 -12 1.0 1.0 0.5 0.0 0.0 0.0 0.0 0.0 0.31 0.46
250 3 -20 0.0 0.0 1.0 0.0 0.0 1.0 0.0 0.0" 0.25 0.46
250 3 -16 0.5 0.0 0.0 0.0 0.5 0.0 0.5 0.5 0.25 0.27
1 0 .1 1
SPEECH
f0 Q M
SI S2 S3 S4 S5 S6 S7 S8 ASR SD
250 NC 1.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 0.38 0.52
250 NC 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.12 0.35
125 25 -16 0.0 0.0 0.0 0.0 2.0 0.0 1.0 0.0 0.38 0.74
125 12 -20 0.0 0.0 0.0 0.0 1.0 0.0 0.5 0.0 0.19 0.37
125 6 -16 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.12 0.35
125 3 -16 0.5 0.0 0.0 0.5 0.0 1.0 1.0 0.0 0.38 0.44
125 NC 0.0 0.0 0.0 0.0 1.0 1.0 0.0 0.5 0.31 0.46
63 50 -4 0.5 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.12 0.23
63 50 -2 1.0 0.5 0.0 0.0 0.0 0.0 0.0 0.5 0.25 0.38
63 12 -4 1.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.31 0.37
63 6 -9 1.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0 0.25 0.38
63 3 -9 1.5 0.0 0.0 0.0 0.0 1.0 0.5 0.0 0.38 0.58
63 NC 1.0 0.0 0.0 0.0 0.0 1.0 0.5 0.0 0.31 0.46
8000 200 -20 1.0 0.0 0.0 2.0 1.0 1.0 0.0 1.0 0.75 0.71
8000 200 -16 3.0 0.0 0.0 1.0 2.0 1.5 2.0 0.0 1.19 1.13
8000 200 -12 1.5 0.5 0.5 0.0 3.0 1.5 0.0 0.0 0.87 1.06
8000 200 -9 0.0 0.0 0.0 1.0 1.5 0.0 2.0 0.0 0.56 0.82
8000 200 -6 1.0 0.0 0.5 0.0 2.0 1.5 0.0 0.0 0.62 0.79
8000 200 -4 1.0 0.0 0.0 1.0 1.0 2.0 4.0 0.0 1.13 1.36
- ^8000 100 -20 1.5 0.5 0.0- 0.5 1.5 3.0 1.5 0.0 1.06 1.02
8000 100 -16 2.5 0.0 0.5 1.0 1.0 2.0 0.5 0.0 0.94 0.90
8000 100 -12 1.5 1.0 0.0 0.5 2.0 2.5 1.0 0.0 1.06 0.90
8000 100 -6 2.0 0.0 0.0 0.0 2.0 3.0 0.0 0.0 0.87 1.25
8000 100 -4 2.5 0.5 0.0 0.0 2.5 0.0 0.0 1.5 0.87 1.13
8000 50 -16 3.0 1.0 0.0 1.0 2.5 1.0 1.0 2.0 1.44 0.98
8000 50 r-12 1.0 0.0 0.0 0.0 2.5 0.5 1.5 0.0 0.69 0.92
8000 50 -9 3.0 0.0 0.5 0.5 2.0 1.0 0.0 3.5 1.31 1.36
8000 50 -6 2.0 0.0 0.5 1.0 2.0 2.0 0.0 3.0 1.31 1.10
8000 25 -20 0.5 0.0 0.0 1.0 1.5 1.0 0.0 0.0 0.50 0.60
8000 25 -16 1.5 0.5 0.5 1.0 1.0 1.0 0.5 0.0 0.75 0.46
8000 25 -12 1.0 0.0 0.0 1.0 2.0 2.0 0.0 0.0 0.75 0.89
8000 25 -9 2.0 0.0 0.0 1.0 4.0 0.5 0.0 4.0 1.44 1.72
8000 12 -20 2.0 0.0 0.0 0.5 2.5 0.5 2.0 1.0 1.06 0.98
8000 12 -16 1.5 i.o 0.0 0.0 1.0 1.5 1.0 2.0 1.00 0.71
8000 12 -12 1.5 0.5 0.5 0.5 2.0 1.0 2.0 2.0 1.25 0.71
8000 6 T20 1.0 0.0 0.0 1.5 1.5 2.5 1.0 1.0 1.06 0.82
8000 6 -16 1.0 0.0 0.0 1.0 2.0 0.5 1.0 1.5 0.87 0.69
8000 6 -12 2.0 0.0 0.0 1.0 3.0 3.5 1.0 0.0 1.31 1.39
8000 3 -20 2.0 0.0 0.0 3.0 2.0 1.0 3.0 0.0 1.38 1.30
8000 3 -16 1.5 0.5 0.0 1.5 2.5 1.0 2.5 0.5 1.25 0.93
8000 3 -12 2.0 0.5 0.0 1.0 2.0 2.0 0.0 1.0 1.06 0.86
8000 NC 0.0 0.0 0.0 0.0 2.0 2.0 2.0 0.0 0.75 1.04
4000 200 -20 4.0 0.0 0.0 0.0 1.0 1.0 1.0 0.0 0.87 1.36
4000 200 -16 1.0 2.0 2.0 1.0 1.0 0.0 1.0 0.0 1.00 0.76
4000 200 -9 0.0 1.0 0.5 0.0 2.0 1.5 1.0 0.0 0.75 0.76
4000 100 -20 2.0 0.0 0.0 0.0 2.0 1.5 0.5 0.0 0.75 0.93
4000 100 -16 2.5 0.0 0.5 0.5 1.0 0.5 3.5 3.0 1.44 1.35
4000 100 -12 3.0 0.0' 0.0 0.0 2.0 2.0 1.0 1.0 1.13 1.13
4000 50 -16 1.0 0.0 0.0 0.5 1.0 2.0 0.5 0.0 0.62 0.69
4000 50 -12 1.0 0.0 0.0 1.5 1.0 2.0 0.0 0.0 0.69 0.80
1 0 .1 2
SPEECH
f0 Q lDol
SI S2 S3 S4 S5 S6 S7 S8 ASR SD
4000 25 -20 3.0 0.0 0.0 0.0 2.0 0.0 3.0 0.0 1.00 1.41
4000 25 -16 1.5 1.0 0.0 0.0 1.0 1.5 0.5 1.0 0.81 0.59
4000 25 -12 1.0 0.5 1.0 0.0 1.0 0.5 3.5 1.0 1.06 1.05
4000 12 -20 4.0 0.0 0.0 0.0 2.0 0.5 0.5 0.0 0.87 1.43
4000 12 -16 0.0 0.0 . 0.0 1.0 0.0 3.0 4.0 0.0 1.00 1.60
4000 12 -12 4.0 0.5 1.0 0.0 2.0 1.0 0.5 1.0 1.25 1.25
4000 6 -20 2.0 0.0 0.0 0.0 1.0 1.0 0.0 0.0 0.50 0.76
4000 6 -16 2.0 0.5 0.0 0.0 2.0 2.0 2.5 0.0 1.13 .1.09
4000 6 -12 4.0 0.0 0.0 1.0 2.0 2.0 1.0 1.0 1.38 1.30
4000 3 -16 3.5 0.0 0.5 0.0 2.0 1.0 1.0 2.0 1.25 1.20
4000 NC 1-5 0.5 0.5 0.0 1 . 5 0.5 0.5 ■ liO 0.75 0.53
4000 NC 2.0 0.0 0.0 0.0 2.0 0.0 0.5 0.0 0.56 0.90
2000 200 -20 2.0 0.0 0.0 1.0 1.0 2.0 0.5 0.0 0.81 0.84
2000 200 -16 3.0 0.0 0.0 0.0 0.0 2.0 1.0 0.0 0.75 1.16
2000 100 -20 2.0 0.0 0.0 0.0 0.0 1.0 1.0 0.0 0.50 0.76
2000 100 --16 1.0 0.5 0.0 -1.0 1.5- 2.0 -1.5 1.0 1.06 0.62
2000 100 -12 2.0 0.0 0.0 0.0 1.0 0.5 3.0 0.0 0.81 1.13
2000 50 -16 0.0 0.5 0.0 0.0 1.0 0.0 2.0 1.5 0.62 0.79
2000 50 -12 0.0 1.5 0.0 0.5 1.0 2.0 4.0 2.5 1.44 1.37
2000 25 -20 2.0 0.0 1.0 0.0 1.0 1.0 0.5 1.0 0.81 0.65
2000 25 -12 0.0 1.0 0.5 0.0 1.0 2.5 2.0 0.0 0.87 0.95
2000 25 -9 2.5 0.0 0.5 1.0 0.0 2.5 0.5 1.5 1.06 1.02
2000 12 -16 0.0 0.0 2.0 0.0 0.0 2.0 1.5 0.0 0.69 0.96
2000 6 -16 0.0 0.0 1.0 0.0 0.0 2.0 0.0 1.0 0.50 0.76
2000 6 -12 0.0 0.5 0.5 2.0 2.0 2.5 0.5 0.0 1.00 1.00
1000 200 -20 2.0 0.0 0.5 0.0 0.0 3.0 0.0 1.0 0.81 1.13
1000 100 -9 1.5 2.Q 0.5 1.5 0.0 4.0 1.5 0.0 1.38 1.30
1000 50 -16 1.0 0.0 0.0 2.0 0.5 0.0 1.5 0.5 0.69 0.75
1000 50 -9 0.0 2.0 0.0 1.0 0.5 1.0 1.0 0.0 0.69 0.70
1000 50 -6 3.0 2.0 0.0 0.0 0.5 2.5 0.0 1.0 1.13 1.22
1000 25 -12 0.0 1.5 0.0 0.0 0.0 1.0 5.0 0.0 0.94 1.74
1000 25 -9 4.0 0.0 1.0 0.0 2.0 1.0 0.0 0.0 : 1.00 1.41
1000 12 -16 2.5 0.5 0.0 0.5 0.5 0.0 1.0 0.5 0.69 0.80
1000 12 -12 1.0 0.5 0.0 0.5 0.5 0.0 2.0 0.0 0.56 0.68
1000 6 -12 2.0 1.0 0.0 1.0 1.0 1.0 0.0 0.0 0.75 0.71
1000 6 -9 3.0 1.5 1.5 1.0 1.5 1.0 0.5 0.0 : 1.25 0.89
1000 3 -20 0.0 0.0 0.0 0.0 0.0 2.0 5.0 0.0 0.87 1.81
1000 3 -16 1.5 1.0 0.0 0.5 1.0 0.5 3.0 1.0 1.06 0.90
1000 3 -12 3*0 0.5 0.0 0.0 0.0 2.0 2.0 -0.0 0.94 1.21
500 200 -20 1.5 0.0 1.5 1.5 2.0 3.5 0.5 0.5 1.38 1.09
500 100 -20 2.0 0.5 0.5 1.0 1.0 2.0 0.0 4.0 1.38 1.27
500 50 -26 1.5 0.5 0.0 0.0 0.5 1.0 0.5 0.5 0.56 0.50
500 50 -16 1.5 0.0 0.0 0.0 3.5 2.5 0.0 1.5 1.13 ■1.36
500 25 -26 2.0 0.0 0.0 0.0 1.0 0.5 1.0 3.0 0.94 1.08
. 500 . 25 -16 2.5 0.0 0.0 0.0 0.5 0.0 1*5 0.0 0.56 0.94
500 25 -12 1.0 0.5 0.5 0.0 2.0 2.5 1.0 1.0 1.06 0.82
500 12 -26 0.5 0.0 1.0 0.0 1.5 0.0 1.0 1.5 0.69 0.65
500 12 -20 *2.0 0.0 0.0 0.0 0.5 0.0 1.0 1.5 0.62 0.79
500 12 -16 1.0 o ; 5 ‘ 0.5 0.0 0.0 1.0 1.0 0.5 0.56 0.42
500 12 -12 1.5 0.0 0.0 0.0 0.5 0.5 1.0 0.5 0.50 0.53
500 12 -9 1.5 0.0 0.5 0.5 2.0 1.0 2.5 1.5 1.19 0.84
10*15
SPEECH
f0 Q PJ SI S2 S3 S4 S5 S6 S7 S8 ASR SD
500 12 -6 2.0 3.0 0.5 0.0 2.0 1.5 1.5 1.0 1.44 0.94
500 6 -26 1.0 0.5 0.0 0.0 0.0 1.0 1.5 0.5 0.56 0.56
500 6 -16 2.0 0.5 0.0 0.0 0.5 0.0 1.5 1.0 0.69 0.75
500 6 -12 3.0 0.0 1.0 0.5 2.0 1.0 2.0 0.0 1.19 1.07
500 6 -9 3.5 2.5 2.0 0.0 0.0 1.5 0.0 1.0 1.31 1.31
500 3 -26 1.5 0.5 0.0 0.0 1.0 1.0 0.5 1.0 0.69 0.53
500 3 -20 1.5 0.0 0.0 0.0 0.5 0.0 2.0 0.0 0.50 0.80
500 3 -16 2.0 1.5 0.0 0.0 1.0 0.0 0.5 2.5 0.94 .0.98
500 3 -12 2.5 2.0 1.5 0.0 1.5 0.5 0.5 1.0 1.19 0.84
250 25 -16 0.5 0.0 0.0 0.0- 1.5 1.5 2.5 0.0 0.75 0.96
250 12 -16 1.5 0.0 0.5 0.5 0.5 1.5 0.5 0.5 0.69 0.53
250 12 -12 1.0 0.5 0.0 0.0 0.0 2.0 3.0 0.0 0.81 1.13
250 6 -9 1.0 1.0 0.5 0.0 0.5 1.0 1.0 0.0 . 0.62 0.44
250 3 -9 1.0 0.5 0.0 0.0 1.0 3.0 2.0 1.0 1.06 1.02
125 100 -20 1.5 0.0 0.5 0.0 2.0 0.5 0.0 0.0 0.56 0.78
125 100 -16 4.0 0.5 0.0 0.5 1.0 1.0 1.5 0.5 1.13 1.25
125 12 -16 1.0 o;o 0.0 0.0 1.5 1.0 2.5 1.0 0.87 0.88
125 12 -12 2.0 0.0 0.0 0.0 1.0 0.0 1.0 0.0 0.50 0.76
125 12 -9 0.5 0.0 1.0 1.0 0.0 1.0 3-5 0.0 0.87 1.16
125 6 -20 2.0 0.5 0.0 1.0 1.0 0.0 4.0 0.0 1.06 1.37
125 6 -12 3-0 0.5 0.0 0.0 0.0 1.0 1.0 1.0 0.81 1.00
125 3 -20 1.5 0.0 0.0 0.0 0.5- 0.5 1.5 0.0 0.50 0.65
125 NC 2.0 0.0 0.0 0.0 2.0 1.0 0.0 0.0 0.62 0.92
63 25 -4 1.0 0.0 0.0 0.0 0.0 2.0 1.0 0.0 0.50 0.76
S3 25 -2 1.5 0.0 0.0 0.5 0.5 0.0 1.0 1.0 0.56 0.56
S3 12 -6 1.0 0.0, 0.0 0.0 0.5 1.5 1.0 0.0 0.50 0.60.
S3 12 -2 2.5 0.0 0.0 1.0 0.0 1.0 1.0 0.5 0.75 0.85
S3 6 -6 1.5 0.0 0.0 0.0 0.5 1.0 1.0 0.5. 0.56 0.56
S3 6 -4 1.0 0.0 0.0 0.0 0.0 1.0 1.0 2.5 0.69 0.88
S3 3 -6 1.5 0.5 0.0 0.5 2.0 1.5 0.5 2.5 1.15 0.88
S3 3 -4 1.5 1.0 0.5 1.0 1.0 2.0 0.5 2.5 1.25 0.71
8000 100 -9 2.5 1.5 0.0 2.0 1.0 0.5 2.0 4.0 1.69 1.25
8000 100 -2 2.0 1.5 1.0 2.5 2.5 0.5 0.0 3.0 1.63 1.06
8000 25 -6 1.0 5.0 2.0 1.0 3.5 2.5 0.0 3.5 2.31 1.65
8000 12 -9 1.0 1.0 0.0 1.0 4.0 3.5 0.0 9.0 2.44 3.04
4000 200 -12 4.0 2.0 2.0 0.0 3.0 2.0 0.0 0.0 1.63 1.51
4000 200 -6 3.0 3.5 1.0 2.0 1.5 2.0 0.5 0.0 1.69 1.19
4000 100 -9 2.0 1.0 1.0 0.0 1.0 4.0 1.0 2.0 1.50 1.20
4000 100 -6 0.0 2.0 1.0 1.5 2.0 3.0 2.0 1.0 1.56 0.90
4000 25 -6 4.5 1.5 2.0 2.0 1.5 2.0 0.5 1.0 1.88 1.19
4000 3 -12 3.5 2.5 0.5 0.5 1.0 1.5 2.0 3.5 1.88 1.22
2000 200 -12 5.0 1.0 1.0 0.0 1.0 4.0 2.5 0.0 1.81 1.85
2000 100 -9 5.0 l.,5 0.5 0.0 2.0 1.5 2.5 1.0 1.75 1.54
2000 50 -9 . 0.0 1.5 3-0 0.0 1.0 4.0 3.0 0.0 1.56 1.59
2000 25 -6 4.5 4.5 0.0 0.0 0.0 1.5 1.5 2.0 1.75 1.87
2000 12 -9 1.0 3.0 0.0 0.5 1.5 2.0 4.5 1.5 1.75 1.44
2000 12 -6 4.0~ 0.0 0.0 1.0 1.0 3.0 4.0 3.5 2.06 1.74
2000 6 -9 2.0 1.5 2.0 0.0 1.0 3.0 3.5 3.0 2.00 1.16
2000 3 -12 0.5 3.0 0.0 0.0 1.0 2.0 5.0 3.0 1.81 1.77
10.14
SPEECH
fo Q K \ SI
S2 S3 S4 S5 S6 S7 S8 ASR SD
1000 200 -16 2.0 0.0 6.0 0.0 2.0 1.0 1.0 0.0 1.50 2.00
1000 100 -12 2.0 3.0 0.5 0.5 1.5 2.5 2.0 1.0 1.63 0.92
1000 25 -6 2.5 2.5 1.0 1.5 0.5 3.5 0.5 0.5 1.56 1.15
1000 12 -9 5.0 5.0 1.0 0.0 2.0 1.0 4.0 1.0 2.38 2.00
1000 3 -9 2.0 3.0 3.0 1.0 2.0 2.0 3.0 2.0 2.25 0.71
500 50 -12 0.5 0.5 0.0 1.0 2.5 6.0 1.5 5.0 2.13 2.23
500 25 -9 1.5 4.5 1.0 1.0 1.5 3.5 0.5 1.5 1.88 ; 1.38
500 3 -9 2.0 4.0 1.0 1.0 2.0 1.5 1.5 4.5 2.19 '1.33
250 3 -12 6.0 0.0 0.0 4.0 0.0 2.0 0.0 3.0 1.88 2.30
250 3 -6 5.0 3.5 2.0 0.0 4.0 4.0 0.0 0.0 2.31 : 2.09
125 50 -16 4.0 0.0 0.0 0.0 4.5 0.5 1.5 1.5 1.50 : 1.81
125 25 -12 .4.5 2.0 0.0 1.0 2.0 2.0 1.0 1.5 1.75 1.31
125 3 -12 3.0 1.0 0.0 1.0 3.0 2.0 1.0 3.0 1.75 1.16
8000 12 : -6 3.0 0.0- 1.0 0.0 5-0 4.0 •5.0 7.0 3.13 2.59
8000 6 -9 2.5 4.5 0.5 2.5 2.0 1.0 3.5 3.5 2.50 1.34
8000 6 -6 3.0 1.5 2.5 2.0 3.0 2.5 1.0 6.0 2.69 1.51
8000 3 -9 3.0 2.0 2.0 1.0 3.0 2.0 6.0 2.0 2.63 ; 1.51
4000 200 -4 6.0 3.5 6.0 2.5 2.0 2.0 i . o 2.0 3.13 1.90
4000 50 -9 7.0 2.0 5.0 0.0 3.0 1.0 1.0- 1.0 2.50 2.39
4000 12 -9 4.5 3.5 1.0 2.0 3.0 2.0 1.5 7.0 3.06 1.95
4000 12 -6 4.5 2.5 2.0 1.0 1.5 2.5 1.5 4.5 2.50 1.34
4000 6 -9 6.0 2.0 4.0 1.0 3.0 2.0 0.0 4.0 2.75 1.91
2000 200 -9 4.0 1.5 7.0 4.0 0.0 5.5 0.0 1.0 2.88 2.63
2000 3 -9. 3.5 5.5 0.0 1.0 2.5 3.5 7.0 4.0 3.37 2.26
1000 12 -6 3.0 3.0 4.0 1.0 2.0 '3.0 8.0 1.0 3.13 2.23
1000 6 -6 4.0 3.0 2.0 2.0 1.5 4.5 3.0 5.5 3.19 1.39
1000 3 -6 2.0 3.0 0.0 2.0 2.0 3.0 6.0 2.0 2.50 1.69
500 100 -16 2.5 3.5 1.5 2.0 5-5 5.5 3.0 1.5 2.88 1.33
250 12 -9 3.0 2.0 4.5 1.0 3.0 4.0 4.0 0.0 2.69 1.58
125 6 -9 3.0 2.0 3.5 1.0 4.5 3.5 3.5 3.5 3.06 1.08
63 6 -2 4.5 0.5 3.0 1.5 1.0 4.5 2.0 4.0 2.63 1.60
8000 200 -2 4.0 2.5 9.0 2.0 7.5 2.5 2.5 1.0 3.87 2.85
8000 50 -4 5.0 2.0 4.0 2.0 6.0 2.0 2.0 8.0 3.87 2.30
8000 25 -2 4.5 3.0 3.0 3.0 3.5 2.5 1.0 9.0 3.69 2.36
4000 100 -4 8.0 5.0 8.0 4.0 2.0 3.0 1.0 1.0 4.00 2.83
4000 50 -4 7.5 6.0 7.5 2.5 3.0 2.0 0.5 5.5 4.31 2.66
2000 6 -6 4.0 5.0 2.5 3.0 1.5 3.0 10.0 6.5 4.44 2.73
500 25 -6 3.5 7.0 4.0 2.0 3.5 4.5 3.0 7.5 4.38 1.92
500 6 -6 4.5 5.0 2.0 2.0 4.0 1.5 5.0 5.0 3-63 1.53
250 100 -20 6.5 2.5 7.0 1.5 5.0 6.5 4.5 2.0 4.44 2.19
125 50 -12 6.5 2.5 3.0 3.0 4.0 5.0 6.0 1.0 3.87 1.87
125 25 -9 6.0 2.5 7.0 2.0 4.0 6.5 5.5 1.0 4.31 2.27
125 12 -6 4.0 6.5 2.5 2.5 2.0 5.5 4.5 5.5 4.13 1.66
10.15
f0 Q PJ SI S2 S3
125 3 -9 4.0 2.0 3.0
8000 25 -4 7.5 3.5 6.0
8000 3 -6 6.0 3.0 1.0
4000 25 -9 6.0 5.0 2.0
4000 3 -9 5.0 6.5 4.0
4000 3 -6 5.0 4.5 3.0
2000 100 -6 6.5 5.0 8.5
2000 50 -4 8.0 7.5 5.0
2000 3 -6 4.5 6.0 2.5
1000 200 -12 6.0 3.0* 8.0
500 200 -16 4.0 0.5 2.0
500 3 -6 5.5 8.0 4.0
250 200 -20 8.0 4.0 6.0
250 50 -16 4.0 5.0 7.0
250 25 -12 6.0 4.0 6.0
250 12 -6 6.0 5.0 8.0
250 6 -6 7.0 2.0 7.0
125 100 -12 ■6*0. 4.0 4.5
125 6 -6 6.0 2.0 4.0
125 3 -6 7.0 2.0 2.0
8000 12 -4 6.5 6.5 8.5
8000 12 -2 6.5 6.5 5.5
8000 6 -4 -4.0 5.5 10.0
8000 3 -4 9.0 4.0 0.0
4000 50 -6 8.0 6.5 10.0
4000 12 -4 5.5 6.5 7.0
4000 6 -4 6.0 6.0 3.0
1000 200 -9 5.0 6.0 9.0
1000 25 -4 7.0 5.0 9.0
500 50 -9 5.5 4.0 7.0
4000 25 -4 6.5 6.5 8.5
. 4000 3 -4 6.5 7.0 9.5
2000 50 -6 6.5 8.0 9.0
2000 25 -4 6.5 9.5 5.5
2000 12 -4 5.0 8.5 7.0
2000 6 -2 7.0 8.5 8.5
2000 3 -4 6.5 6.5 7.5
1000 12 -4 6.5 7.5 9.0
1000 6 -4 6.5 7.0 10.0
500 100 -12 5.0 7.0 9.0
500 3 -4 6*0 8,5 9.5
250 100 -16 6.0 7.0 9.5
250 50 -12 7.0 9.0 9.0
250 25 -9 7.0 6.5 8.0
S4 S5 S6 S7 S8
SPEECH 
ASR SD
2.0 3.0 4.0 7.0 3.5 3.56 1.59
2.0 7.0 3.0 4.0 7.5 5.06 2.19
2.0 5.0 4.0 10.0 8.0 4.88 3.04
4.0 2.0 3.5 7.0 7.0 4.56 2.05
4.0 3.5 2.5 9.5 7.0 5.25 2.28
2.5 2.0 6.0 8.5 5.0 4.56 2.11
1.0 1.5 2.0 9.0 5.0 4.81 5.10
5.5 1.5 4.5 0.5 7.0 4.94 2.73
4.5 2.0 10.0 6.0 7.5 5.38 2.62
3.0 4.0 5.0 9.0 5.0 5.38 2.20
3.0 6.5 8.0 6.0 8.5 4.81 2.89
1.5 3.0 6.5 5.0 5.5 4.88 2.05
3.0 3.0 4.0 7.0 6.0 5.13 1.89
3.5 4.0 9.0 5.5 4.0 5.25 1.89
2.0 3.0 10.0 5.0 4.0 5.00 2.45
2.0 5.0 5.0 6.0 1.0 4.75 2.25
2.0 2.5 9.0 6.5 1.0 4.65 5.06
3.0 7.0 5.0 6.0 1.0 4.56 1.92
4.0 3.0 3.0. 10.0 8.0 5.00 2.78
4.5 3-5 6.5 9.5 6.0 5.13 2.62
2.5 7.5 2.5 8.0 9.0 6.58 2.55
6.5 3.5 6.5 1.0 8.0 5.50 2.22
6.5 4.0 5-5 6.0 10.0 6.44 2.57
4.0 8.0 6.0 9.0 9.0 6.15 5.27
6.5 2.0 3.0 4.5 9.0 6.19 2.84
6.5 5.5 4.5 8.0 6.0 6.19 1.07
5.0 4.0 4.0 10.0 10.0 6.00 2.67
2.0 7.0 5.0 6.0 4.0 5.50 2.07
4.5 2.5 7.0 2.0 9.0 5.75 2.70
5.5 4.0 10.0 5.0 9.0 6.25 2.24
6.5 4.0 6*5 4.5 9.0 6.50 1.71
4.0 4.5 7.0 10.0 9.0 7.19 2.22
4.5 3.0 5.0 10.0 9.0 6.88 2.52
7.0 2.5 7.5 10.0 8.0 7.06 2.57
7.0 2.0 10.0 7.5 8.0 6.88 2.43
2.0 5.0 10.0 10.0 8.5 7.44 2.73
3.0 5.5 10.0 10.0 9.0 7.25 2.41
3.5 3.0 10.0 9.5 9.5 7.31' 2.76
3.0 3.0 9.5 8.5 8.5 7.00 2.73
6.0 7.5 10;0 6.5 8.5 7.44 1.66
2.0 5.5 7.5 9.5 6.5 6.88 2.49
7.0 6.5 10.0 7.0 6.5 7.44 1.47
2.5 6.0 9.0 ,10.0 2.0 6.81 3.09
4.0 5.0 7.0 9.0 8.0 6.81 1.65
10.16
SPEECH
f0 Q Pol SI S2 S3 S4 S5 S6 37 S8 ASR
125 100 -9 8.5 8.0 5.0 6.0 4.0 10.0 10.0 5.0 7.06
125 50 -9 7.5 7.5 7.0 4.0 6.0 8.5 10.0 2.0 6.56
125 6 -4 7.0 5.0 7.5 5.5 6.0 10.0 10.0 7.5 7.31
63 3 -2 6.0 4.5 7.0 5.0 5*5 9.5 10.0 7.5 6.88
8000 50 -2 8.0 6.0 10.0 7.0 7.5 9.0 4.5 9.0 7.63
8000 6 -2 8.0 6.0 10.0 7.0 5.5 5.0 10.0 10.0 7,69
8000 3 -2 8.0 6.0 10.0 8.5 6.5 7.5 9.0 10.0 8.19
4000 100 -2 8.5 8.0 9.0 7.0 3.5 6.5 10.0 10.0 7.81
4000 25 -2 9.0 5.0 10.0 8.0 6.0 6.0 10.0 10.0 8.00
4000 6 -6 8.0 7.5 10.0 7.0 4.0 5.0 9.5 10.0 7.63
4000 3 -2 8.0 6.0 10.0 7.0 5.0 6.0 10.0 10.0 7.75
2000 200 -6 8.5 6.5 10.0 4.0 5.5 9.0 10.0 10.0 7.94
2000 100 -4 8.0 7.5 10.0 5.0 5.0 9.0 10.0 10.0 8.06
2000 - 25 -2 8.0 8.5 8.0" 9*0 3.0 10.0 10.0 10.0 “ 8.31
2000 6 -4 7.0 7.5 8.5 8.0 3.0 10.0 8.5 9.0 7.69
1000 100 -6 8.0 7.0 5.0 5.0 6.0 10.0 10.0 10.0. 7.63
1000 50 -4 9.0 8.0 8.0 7.0 5.0 10.0 10.0 10.0 8.38
1000 3 -4 5.0 8.0 8.0 5.0 7.0 10.0 10.0 10.0 7.88
500 100 -9 6.5 7.0 8.5 6.5 7.0 10.0 5*5 9.5 7.56
500 50 -6 6.5 9.5 8.0 8.0 6.0 10.0 10.0 9.0 8.38
500 25 -4 6.0 9.5 7.0 6.5 5.5 9.5 8.0 8.5 7.56
500 12 -4 8.5 8.0 6.0 6.0 8.0 9.0 6.5 10.0 7.75
500 6 -4 7.0 9.5 10.0 5.0 5.5 9.0 8.0 8.5 7.81
250 200 -16 8.0 6.0 8.5 5*0 5.0 10.0 10.0 9.0 7.69
250 25 -6 7.5 9.0 9*5 6.5 6.5 10.0 9.5 8.0 8.31
250 12 -4 7.0 9.0 9.5 5.5 5.5 10.0 9.0 8.5 8.00
250 6 -4 8.0 9.0 9.0 7.0 5.0 10.0 9.0 8.0 8.13
250 3 -4 7.0 8.0 10.0 6.0 8.0 9.0 9.0 10.0 8.38
125 50 -6 8.0 8.0 9*5 5.0 8.0 10.0 10.0 9.0 8.44
125 25 -6 7.0 7.0 9.0 5.0 8.0 10.0 10.0 9.0 8.13
125 12 -4 7.0 9*0 7.0 6.0 8.0 10.0 10.0 6.0 7.88
125 3 -4 8.0 5.5 9.5 7.0 6.5 10.0 10.0 7.5 8.00
4000 _ 200 -_ -2 9.0 9.0 10.0 6.0. 4.0 10.0 10.0 10.0 8.50
4000 50 -2 9.0 8.0 10.0 8.0 6.5 7.0 10.0 10.0 8.56
4000 12 -2 9.0 8.0 8.0 9.0 8.0 10.0 10.0 10.0 9.00
4000 6 -2 8.0 9.0 10.0 7.5 6.5 7.5 9.5 10.0 8.50
2000 200 -4 8.0 8.5 10.0 7.5 7.0 10.0 10.0 10.0 8.88
2000 50 -2 9.0 10.0 10.0 9.0 6.5 10.0 10.0 10.0 9*31
2000 3 -2 9.0 9.0 10.0 10.0 7.0 10.0 10.0 10.0 9-38
1000 200 -6 8.0 8.0 10.0 6.5 7.0 10.0 10.0 9.5 8.63
1000 200 -4 9.0 9.0 10.0 6.0 8.0 10.0 10.0 10.0 9.00
1000 100 -4 9.5 10.0 10.0 7.0 8.0 10.0 10.0 10.0 9.31
1000 25 -2 7.0 10.0 10.0 8.5 7.5 10.0 10.0 10.0 9.13
1000 12 -2 8.0 10.0 10.0 10.0 7.5 ld.o 10.0 10.0 9.44
1000 3 -2 8.5 10.0 10.0 9.0 8.0 10.0 10.0 10.0 9.44
500 200 -12 7.5 8.5 9.5 7.5 7.5 10.0 10.0 9.5 8.75
SD
2.37
2.54 
1.89
2.03
1.79
2.12
1.49
2.15 
2.07 
2.25
2.05
2.32
2.11
-2.31
2.10
2.20
1.77 
2.10
1.59
1.53
1.55 
1.46 
1.83
2.09
1.39
1.77
1.55 
1.41
1.64 
1.73
1.64 
1.69
2.27
1.40 
0.93 
1.31
1.27 
1.22
1.06
1.43
1.41
1.16
1.27 
1.05 
0.82
1.13
10.17
SPEECH
f0 Q Pol SI 32 S3 S4
500 200 -9 8.0 9.0 10.0 7.5
500 200 -6 9.0 10.0 10.0 8.5
500 50 -4 8.0 9.5 9.5 8.0
500 12 -2 8.0 10.0 10.0 10.0
250 200 -12 9.0 8.5 10.0 8.0
250 200 -9 9.0 9.5 10.0 8.0
250 100 -12 8.5 8.5 9.5 8.0
250 100 -9 9.0 9.0 10.0 8.0
250 100 -6 10.0 9.5 10.0 7.0
250 50 -9 8.0 10.0 10.0 9.0
250 50 -6 10.0 9.5 10.0 8.0
125 100 -6 9.0 9.0 10.0 6.0
125 100 -4 8.5 9.5 9.5 8.0
125 50 -4 9.0 9.0 10.0 8.5
125. 25 -4 10.0 9.5 10.0 8.0
2000 200 -2 9.5 10.0 10.0 10.0
2000 100 -2 9.5 10.0 10.0 9.5
2000. 12 -2 9.0 10.0 9.0 10.0
1000 200 -2 9.5 10.0 10.0 10.0
1000 100 -2 9.0 10.0 10.0 10.0
1000 50 -2 9.0 10.0 10.0 9.0
1000 6 -2 10.0 10.0 10.0 9.5
500 200 -4 9.5 10.0 10.0 10.0
500 200 -2 10.0 10.0 10.0 10.0
500 100 -6 9.0 9.5 10.0 9.5
500 100 -4 9.0 10.0 10.0 10.0
500 100 -2 9.5 10.0 9.5 10.0
500 50 -2 9.0 10.0 10.0 9.5
500 25 -2 10.0 10.0 10.0 10.0
500 6 -2 8.5 10.0 10.0 10.0
500 3 -2 8.5 10.0 10.0 10.0
250 200 -6 10.0 10.0 10.0 10.0
250 200 -4 10.0 10.0 10.0 10.0
250 200 -2 10.0 10.0 10.0 10.0
250 100 -4 10.0 10.0 10.0 10.0
250 100 -2 10.0 10.0 10.0 10.0
250 50 -4 10.0 10.0 10.0 9.0
250 50 -2 10.0 10.0 10.0 10.0
250 25 -4 9.5 10.0 10.0 9.5
250 25 -2 10.0 10.0 10.0 10.0
250 12 -2 9.0 10.0 10.0 9.0
250 6 -2 10.0 10.0 10.0 10.0
250 3 -2 10.0 10.0 10.0 9.5
125 100 -2 10.0 10.0 10.0 10.0
125 50 -2 10.0 10.0 10.0 10.0
125 25 -2 10.0 10.0 ,10.0 10.0
125 12 -2 10.0 9.5 10.0 10.0
125 6 -2 9.0 9.0 10.0 10.0
125 3 -2 10.0 10.0 10.0 10.0
S5 S6 S7 S8 ASR SD
8.0 10.0 10.0 9.0 8.94 1.02
8.0 10.0 6.5 10.0 9.00 1.28
8.0 10.0 9.5 9.5 9.00 0.85
7.0 10.0 10.0 10.0 9.38 1.19
6.5 10.0 10.0 9.0 8.88 1.22
7.0 10.0 10.0 9.0 9.06 1.08
7.0 10.0 10.0 9.5 8.88 1.06
7.0 10.0 10.0 10.0 9.13 ' 1.13
9.0 10.0 10.0 10.0 9.44 1.05
7.5 10.0 10.0 10.0 9.31 1.03
7.5 10.0 10.0 10.0 9.38 1.03
7.0 10.0 10.0 9.0 8.75 1.49
7.0 10.0 10.0 9.0 8.94 1.05
7.5 10.0 10.0 6.5 8.81 1.28
8.0 10.0 10.0 10.0 9.44 0.90
8.0 10.0 10.0 10.0 9.69 0.70
7.5 10.0 10.0 10.0 9.56 0.86
8.0 10.0 10.0 10.0 9.50 0.76
10.0 10.0 10.0 10.0 9.94 0.18
9.5 10.0 10.0 10.0 9.81 0.37
9.0 10.0 10.0 10.0 9.63 0.52
7.5 10.0 10.0 10.0 9.63 0.88
8.5 10.0 10.0 10.0 9.75 0.53
10.0 10.0 10.0 10.0 10.00 0.00
9.0 10.0 10.0 9.5 9.56 0.42
8.0 10.0 10.0 10.0 9.63 0.74
9.5 10.0 10.0 10.0 9.81 0.26
10.0 10.0 10.0 10.0 9.81 0.37
9.5 10.0 10.0 10.0 9.94 0.18'
8.0 10.0 10.0 10.0 9.56 0.82
7.5 10.0 10.0 10.0 9.50 0.96
8.0 10.0 10.0 10.0 9.75 0.71
9.0 10.0 10.0 10.0 9.88 0.35
9.0 10.0 10.0 10.0 9.88 0.35
9.5 10.0 10.0 10.0 9.94 0.18
10.0 10.0 10.0 10.0 10.00 0.00
9.0 10.0 10.0 10.0 9.75 0.46
9.0 10.0 10.0 10.0 9.88 0.35
8.0 10.0 10.0 9.5 9.56 0.68
9.5 10.0 10.0 10.0 9.94 0.18
9.0 10.0 10.0 10.0 9.63 0.52
8.0 10.0 10.0 10.0 9.75 0.71
7.0 10.0 10.0 10.0 9.56 1.05
8.5 10.0 10.0 10.0 9.81 0.53
8.5 10.0 10.0 10.0 9.81- 0.53
9.5 10.0 10.0 10.0 9.94 0.18
9.0 10.0 10.0 10.0 9.81 0.37
8.0 10.0 10.0 10.0 9.50 0.76
10.0 10.0 10.0 10.0 10.00 0.00
10.18
Average Subjective Zero = 0.8=1 MUSIC
f0 Q (Dol SI S2 S3 S4 S5 S6 S7 S8 ASR SD
4000 200 -20 0.0 0.0 1.0 0.0 0.0 1.0 1.0 0.0 0.38 0.52
4000 200 -16 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.12 0.35
4000 100 -12 0.0 0.0 0.0 0.0 0.0 1.0 2.0 0.0 0.38 0.74
1000 100 -12 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.06 0.18
1000 50 -16 0.0 0.5 0.5 0.5 1.0 0.5 0.0 0.0 0.38 0.35
1000 50 -12 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.06 0.18
1000 25 -12 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.5 0.19 0.37
1000 12 -16 2.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.38 ' 0.74
1000 3 -16 1.0 0.0 1.0 0.0 1.0 0.0 0.0 0.0 0.38 0.52
1000 NC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.12 0.35
1000 NC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.00
500 200 -20 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.12 0.35
500 100 -16 1.5 0.0 0.0 0.0 1.0 0.0 0.5 0.0 0.38 0.58
500 100 -12 2.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.38 0.74
500 50 -26 1.5 0.0 0.0 0.0 0.0 0.0 0*5 0.5 0.31 0.53
500 50 -16 1.5 0.0 0.0 0.0 0.0 0.0 1.0 1.0 0.44 0.62
500 50 -12 1.0 0.5 0.0 0.0 0.5 0.0 0.0 0.5 0.31 0.37
500 50 -6 0.5 0.0 1.5 0.0 0.0 0.0 0.0 0.0 0.25 0.53
500 25 -20 1.0 0.0 0.5 0.5 1.0 0.0 0.0 0.0 0.38 0.44
500 25 -16 1.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.19 0.37
500 12 -16 2.0 0.0 0.0 0.0 1.0 0.0 0.0- 0.5 0.44 0.73
500 6 -26 1.5 0.0 0.0 0.0 1.0 0.0 0.5 0.5 0.44 • 0.56
500 6 -16 1.5 0.0 0.0 0.0 0.0 0.0 0.5 1.0 0.38 0.58
500 6 -12 1.0 0.0 0.0 0.0 0.5 0.0 1.0 0.0 0.31 0.46
500 3 -20 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.12 0.23
500 3 -16 1.5 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.25 0.53
500 NC 2.0 0.0 0.0 0.0 0.5 0.0 0.0 0.5 0.38 0.69
125 100 -20 0.5 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.12 0.23
125 100 -16 1.0 0.5 0.5 0.0 0.0 0.0 0.0 0.0 0.25 0.38
125 50 -16 2.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.38 0.74
125 25 -12 0.5 0.0 2.0 0.0 0.5 0.5 0.0 0.0 0.44 0.68
125 25 -9 0.5 0.0 0.0 0.0 0.5 0.0 1.0 1.0 0.38 0.44
125 12 -6 1.0 0.5 2.0 0.0 0.0 0.0 0.0 0.0 0.44 0.73
125 6 -12 1.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.19 0.53
125 6 -9 0.0 0.0 0.0 0.0 0.0 0.0 0.5 2.0 0.31 0.70
125 3 -20 2.0 0.5 0.0 0.0 1.0 0.0 0.0 0.0 0.44 0.73
125 3 -16 1.0 0.5 0.0 0.0 0.0 1.0 0.0 0.0 0.31 0.46
125 3 -9 1.0 0.0 0.0 0.0 0.0 0.0 1.0 0.5 0.31 0.46
125 NC 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.06 0.18
63 50 -6 2.0 0.0 0.0 0.0 0.5 0.0 0.0 1.0 0.44 0.73
63 50 -4 0.5 0.0 0.0 0.0 0.5 0.5 1.5 0.5 0.44 0.50
63 25 -9 1.0 0.0 0.0 0.0 0.5 1.0 0.0 0.5 0.38 0.44
63 25 -6 2.0 0.0 0.0 0.0 0.0 0.5 0.0 1.0 0.44 0.73
63 12 -12 1.0 0.0 0.0 0.0 0.0 0.5 0.0 1.0 0.31 0.46
63 12 -9 1.5 0.5 0.0 0.0 0.0 0.0 0.5 0.0 0.31 0.53
63 6 -9 2.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.38 0.69
63 6 -6 2.5 0.0 0.0 0.0 0.5 0.5 0.0 0.0 0.44 0.86
63 NC 0.0 0.0 0.0 0.0 0.5 1.0 1.0 0.5 0.38 0.44
8000 200 -16 1.0 0.0 2.0 0.0 3-0 0.0 2.0 2.0 1.25 1.16
8000 200 -12 2.5 1.0 0.0 0.5 1-5 1.0 4.0 0.0 1.31 1*36
10.19
MUSIC
f0 Q lDol SI S2 S3 S4 S5 S6 S7 S8 ASR SD
8000 200 -9 2.0 0.5 0.5 0.0 1.0 1.0 4.5 0.0 1.19 1.49
8000 100 *-12 2.5 0.0 0.0 0.0 2.0 0.5 2.5 0.0 0.94 1.18
8000 6 •-16 2.0 0.5 1.5 0.0 2.0 0.0 1.0 1.0 1.00 0.80
8000 NC 3.0 1.0 0.5 0.0 3.0 0.5 3.0 0.0 1.38 1.38
4000 200 ■-12 2.0 0.0 1.0 0.0 0.0 1.0 1.0 2.0 0.87 0.83
4000 200 -9 1.0 0.5 2.5 0.0 0.5 2.0 1.5 0.0 1.00 0.93
4000 200 -6 3.0 0.0 0.0 1.5 2.0 1.0 1.5 0.0 1.13 1.09
4000 200 -4 1.5 0.0 0.5 0.0 0.5 2.5 2.0 0.5 0.94 '0.94
4000 100 ■-16 1.0 0.5 0.5 0.0 1.0 3.0 1.5 0.0 0.94 0.98
4000 100 -4 1.0 1.5 1.5 1.0 1.0 1.0 1.5 0.0 1.06 0.50
4000 50 ■-16 3.0 0.0 0.0 0.0 1.0 0.0 2.0 1.0 0.87 1.13
4000 50 ■-12 1.5 0.0 1.5 0.5 1.0 2.0 0.5 2.0 1.13 0.74
4000 25 ■-16 2.0 0.5 2.0 0.5 1.0 0.5 0.5 0.0 0.87 0.74
4000 25 ■-12 1.0 0.0 2.0 1.0 0.0 0.0 1.5 0.0 0.69 0.80
4000 25 -9 1.0 0.5 1.0 0.0 2.0 3.0 1.5 0.0 1.13 1.03
4000 12 •-16- 1.0 0.0 2.0- ■1-.0 0.0 2.0 1.0 0.0 0.87 -0.83
4000 12 ■-12 2.0 0.0 1.0 0.0 0.0 0.0 2.0 1.0 0.75 0.89
4000 6 -20 3.0 0.0 3.5 1.0 2.0 0.5 1.0 0.0 1.38 1.33
4000 3 -20 2.0 0.0 0.5 0.0 2.0 1.5 0.0 1.0 0.87 0.88
4000 3 *-16 2.0 0.5 0.5 0.0 0.0 0.0 2.5 1.5 0.87 0.99
4000 NC 1.0 0.0 2.0 0.0 0.0 1.0 1.0 3.0 1.00 1.07
4000 NC 2.0 0.5 5.0 0.0 1.0 1.0 1.0 0.5 1.38 1.58
4000 NC 2.0 0.0 1.0 0.0 1.0 2.0 1.5 0.0 0.94 0.86
2000 200 ■-20 1.0 0.5 1.5 1.0 0.0 0.5 0.5 0.0 0.62 0.52
2000 200 •-16 3.0 0.0 2.0 1.0 0.0 1.0 0.0 1.0 1.00 1.07
2000 50 •-16 5.0 0.5 2.0 0.0 0.0 0.5 0.5 0.0 1.06 1.72
2000 25 •-16 2.0 0.5 1.5 0.5 1.5 1.5 0.5 2.0 1.25 0.65
2000 12 -16 4.0 1.0 1.0 0.0 1.0 1.0 3.0 0.0 1.38 1.41
2000 6 -20 3.0 1.0 4.0 0.0 1.0 1.5 0.0 0.0 1.31 1.49
2000 6 -16 3.0 0.0 1.5 0.0 1.0 0.5 1.0 1.0 1.00 0.96
2000 6 -12 3.0 1.5 3.5 0.0 0.0 1.5 2.0 0.0 1.44 1.37
2000 NC ___ 2.0 2.5 1.0 0.0 1.5 0.0 2.0 0.5 1.19 0.96
2000 NC 3.0 2.0 1.0 0.0 0.0 1.0 0.5 0.0 0.94 1.08
2000 NC 3.0 0.0 2.0 1.0 0.0 0.5 0.0 0.0 0.81 1.13
1000 200 -20 1.0 0.0 0.0 0.0 0.0 2.0 3.0 0.5 0.81 1.13
1000 200 -16 0.5 0.0 1.0 1.0 1.0 1.0 0.5 0.5 0.69 0.37
1000 200 -12 2.0 0.0 2.0 0.5 0.5 0.0 0.0 0.5 0.69 0.84
1000 200 -9 1.0 4.0 2.0 0.0 1.0 1.0 0.5 0.0 1.19 1.31
1000 200 -6 3.0 0.0 0.0 1.5 0.5 1.0 0.0 1.5 0.94 1.05
1000 100 -16 0.0 0.5 0.5 0.5 0.5 0.0 2.5 0.0 0.56 0.82
1000 100 -9 2.5 0.0 0.0 0.0 1.0 0.5 0.0 0.5 0.56 0.86
1000 100 -6 2.5 0.5 1.5 0.5 0.5 0.0 0.0 0.0 0.69 0.88
1000 50 -9 1.0 1.0 7.0 0.5 1.5 0.0 0.0 0.5 1.44 2.31
1000 25 -16 0.0 1.0 0.5 0.5 1.5 0.5 0.5 0.5 0.62 0.44
1000 25 -9 4.5 0.0 2.0 0.0 0.0 0.5 0.5 0.5 1.00 1.56
1000 12 -12 1.0 2.0 2.0 0.0 1.0 0.0 1.5 1.0 1.06 0.78
1000 12 -9 1.0 0.0 2.0 1.0 0.0 1.0 0.0 1.0 0.75 0.71
1000 6 -20 3.0 0.0 1.0 1.0 0.0 1.0 1.0 0.0 0.87 0.99
1000 6 -16 1.0 0.0" i:5 1.0 3.0 0.0 0.0 1.0 0.94 1.02
1000 6 -12 3.0 2.0 3.0 0.0 0.5 0.5 1.0 0.5 1.31 1.19
1000 6 -9 2.0 1.0 2.5 0.0 1.0 1.5 0.0 1.0 1.13 0.88
1000 3 -20 1.5 0.5 0.0 0.5 1.5 0.0 1.5 0.5 0.75 0.65
1 0 .2 0
MUSIC
f0 Q lDol SI S2 S3 S4 S5 S6 si S8 ASR SD
1000 3 ■-12 1.0 0.0 2.0 0.0 0.0 0.5 1.0 0.5 0.62 0.69
1000 NC 0.0 0.5 0.5 0.0 0.5 0.5 1.5 2.0 0.69 0.70
500 200 ■-16 4.0 0.0 1.5 0.0 2.5 0.5 0.5 0.0 1.13 1.46
500 100 ■-20 2.5 0.0 0.5 0.0 1.0 0.5 0.0 0.5 0.62 0.83
500 100 -9 2.5 0.0 0.0 0.0 1.0 0.0 0.0 2.5 0.75 1.13
500 50 ■-20 3.0 0.0 0.5 0.0 0.0 0.0 0.0 1.5 0.62 1.09
500 50 -9 2.0 0.0 0.5 0.0 0.5 0.0 1.5 0.5 0.62 0.74
500 25 •-26 1.5 0.0 0.5 0.0 1.5 0.5 1.0 0.0 0.62 • 0.64
500 25 *-12 2.5 0.0 2.0 0.0 1.0 0.0 0.0 0.0 0.69 1.03
500 25 -9 2.0 0.0 0.0 0.0 0.0 0.5 0.5 2.0 0.62 0.88
500 25 -6 2.5 0.5 1.0 0.0 0.0 0.0 0.0 0.5 0.56 0.86
500 12 ■-26 3.5 0.0 1.0 0.0 1.0 0.0 0.0 0.0 0.69 1.22
500 12 ■-20 2.5 0.0 0.0 0.0 0,0 0.5 1.5 0.0 0.56 0.94
500 12 •-12 3.5 0.0 1.0 0.0 0.0 0.5 0.5 0.5 0.75 1.16
500 12 -9 2.5 0.0 1.0 0.0 0.5 0.0 0.5 1.5 0.75 0.89
500 12 -6 2.0 0.5 2.0 0.0 0.5 0.5 2.0 1.5 1:13 0.83
500 6 •-20 2.5 0.0 0.0 0,0 0.0 0.0 0.0 1.5 0.50 0.96
500 6 -9 1.5 1.0 2.0 0.0 0.5 0.0 0.0 0.5 0.69 0.75
500 3 ■-26 3.5 0.0 0.0 0.0 0.5 0.0 1.0 3.0 1.00 1.44
500 3 ■-12 1.5 0.5 0.0 0,0 0.0 0.0 0.5 3.5 0.75 1.22
500 3 -9 1.5 0.5 2.0 0.0 1.5 0.0 1.0 1.0 0.94 0.73
500 NC 1.5 0.0 0.0 0.0 1.0 0.0 0.5 2.0 0.62 0.79
500 NC 1.0 0.0 1.5 0.0 1.0 0.0 0.5 0.5 0.56 0.56
250 25 ■-16 1.0 0.0 0.0 0.5 0.5 2.0 1.0 0.5 0.69 0.65
250 25 •-12 3.0 1.5 0.0 1.0 1.0 1.5 0.0 0.0 1.00 1.04
250 12 -16 1.0 0.0 0.0 1.0 0.0 2.0 0.0 0.0 0.50 0.76
250 12 ■-12 1.5 0.5 2.5 0.0 1,0 1,0 0.5 0.5 0.94 0,78
250 6 -20 3.0 0.0 0.0 0.0 0.0 1.0 0,0 0.0 0.50 1.07
250 6 -16 4.0 0.0 0.0 0.0 0.0 0.0 3.0 2.0 1.13 1.64
250 6 -9 3.5 0.5 0.0 0.0 2.5 1.0 0.5 0.5 1.06 1.27
250 3 -20 1.0 0.0 0.0 0.0 1.5 ,2.0 0.0 1.0 0.69 0.80
250 3 -16- 2.0 0.0 1.0 -0.0- 2.0 2.0 1.0 0.0 1.00 0.93
250 3 -12 3.0 3.0 1.0 1.0 0.0 2.5 0.0 0.0 1.31 1.33
250 3 -9 1.0 0.0 5.5 0.0 0.0 2.0 0.0 0.0 1,06 1.94
250 NC 2.0 0.0 0.0 0.0 0.5 1.5 0.0 1.0 0.62 0.79
250 NC 1.0 0.0 0.0 1.0 0.0 2.0 1.0 0.0 0.62 0.74
250 NC 3.0 0.5 0.0 0.0 1.0 3.5 0.5 0.0 1.06 1.40
125 100 -12 2.5 0.0 0.0 0.0 1,5 0.0 1.5 0.0 0.69 1.00
125 100 -9 3.0 0.0 0.0 1.0 0.5 0.5 0.0 0.0 0.62 1.03
125 100 -6 7.0 0.0 0.0 0.0 2.0 0.0 0.0 1.0 1.25 2.43
125 50 -12 0.0 0.0 0.0 0.0 5.0 0.0 0.5 0.0 0.69 1.75
125 50 -9 4.0 1.0 0.0 0.0 1.0 0.0 0.0 0.0 0.75 1.39
125 50 -6 5.0 0.5 2.0- 0.0 1.0 0.0 0.0 0,0 1.06 1.74
125 50 -4 2.5 0.5 2.0 0.0 1.5 0.0 4.5 0.0 1.38 1.60
125 25 -16 1.0 0.5 1.0 1.0 1.0 0,0 0.0 0.0 0.56 0.50
125 25 -6 2.0 0.0 0.0 0.0 1.0 0.5 2.0 0.0 0.69 0.88
125 25 . -4 3.0 0.0 1.0 0.0 1.0 0.0 0.0 1.0 0.75 1.04
125 12 -16 0.5 1.0 0.0 0.0 1,0 0.0 1.0 0.5 0.50 0.46
125 12 -12 1.0 0.0 1.0 0.0 1.0 0.0 1.0 0.0 0.50 0.53
125 12 -9 1.5 0.0 2,0 0.0 0.0 0.0 0.5 0.5 0.56 0.78
125 12 -4 1.0 0.5 0.0 0.0 2.0 1.0 0.0 0.0 0.56 0.73
125 6 -20 1.0 1.0 0.5 0.0 1.0 0.0 1.0 0.0 0.56 0.50
1 0 ,2 1
MUSIC
f0 Q K \ SI S2 S5 S4 S5 S6 S7 S8 ASR SD
125 6 -16 1.0 0.0 0.0 0.5 1.5 0.0 1.0 0.0 0.50 0.60
125 6 -6 1.5 0.0 1.0 0.5 0.5 0.0 0.5 5.5 0.94 1.15
125 5 -12 5.5 0.5 0.0 0.0 0.5 2.0 0.5 0.0 0.87 1.25
125 5 -6 2.0 0.0 0.5 0.0 1.0 1.5 1.0 2*0 1.00 0.80
125 NC 2.0 0.0 0.0 0.0 0.0 1.0 1.0 0.0 0.50 0.76
65 50 -9 1.5 0.5 .0.0 0.0 0.0 0.0 5.0 1.5 0.81 1.10
65 50 -2 2.0 0.0 0.5 0.0 0.5 0.5 5.5 1.0 1.00 1.20
65 25 -4 1.0 1.5 0.5 0*0 0.0 0.5 0.5 1*5 0.69 ' 0.59
65 25 -2 1.5 1.0 0.0 0.0 0.5 0.5 4.5 0.0 1.00 1.51
65 12 -6 2.0 0.5 0.0 0.0 1.0 1.0 2.5 1.0 1.00 0.89
65 12 -2 0.5 1.0 0.0 0.0 1.0 0.5 0.0 1*5 0.56 0.56
65 6 -12 2.5 0.0 0.0 0.5 0.5 0.5 0.0 1.0 0.62 0.85
65 6 -4 1.5 1.5 0.5 0.0 0.0 0.5 0.5 1.0 0.69 0.59
65 5 -16 2.0 0.0 0.0 0.0 2.0 0.5 0.0 1*0 0.69 0.88
65 5 -12 2.0 0.0 0.0 0.0 0.5 1.5 0.5 1.0 0.69 0.75
65 5 -9 2.5" 1.0 0.5 - 0.0- 0.0 2.0 0.0 OiO 0.75 1;00
65 5 -6 2.0 0.5 0.5 0.0 1.5 5.0 0.0 5.0 1*51 1.25
65 5 -4 2.0 0.0 0.0 0.5 ; 2.0 5.0 1.0 2.5 1.58 1.16
8000 200 -20 5.0 0.0 2.0 0.5 2.5 1.5 2.5 0.0 1.50 1.20
8000 200 -6 2.5 0.0 2.5 0.5 2.0 0.5 4.0 1.0 1.65 1.56
8000 100 -16 1.5 1.0 1.5 0.5 2.5 0.0 4.5 2.0 1.69 1.59
8000 100 -9 2.0 0.5 5.0 1.0 2.0 0.5 5.5 0.0 1.56 1.27
8000 100 -6 2.0 1.0 4.5 1.0 5.0 2.5 5.5 1.0 2.51 1.51
8000 100 -4 4.5 5.5 0.5 1.0 1.5 1.0 5.5 5.0 2.51 1.49
8000 50 -16 2.0 0.5 1.0 0.0 2.0 0.5 4.5 1.5 1.50 1.41
8000 50 -12 5.0 0.0 1.5 1.0, 4.0 2.0 0.0 2.0 1.69 -1 * 59
8000 25 -16 5.0 1.0 0.5 0.5 5.0 1.5 4.0 1.5 1.88 1.50
8000 25 -12 -5.0 0.5 2.0 1.5 5.0 0.5 5.5 2.0 2.00 1.15
8000 25 -6 5.5 0.5 1.0 1.0 5.0 1.5 5.5 5*5 2.19 1.51
8000 12 -16 5.0 1.5 0.5 2.0 2.0 1.0 5.0 1.0 1.75 0.95
8000 6 -20 1.0 0.0 1.0 1.0 2.0 1.0 5*0 1.0 1.50 1.51
8000 6 -12 4.5 0.5 2.0 1.5 i 5.0 2.0 4.0 1.0 2.51 1.41
8000 NC 5.0 0.5 0.5 1.0 5.0 2.0 2.0 2.0 1.75 1.00
8000 NC 5.0 1.0 0.0 2.0 5.0 0.0 5.0 1.0 1.88 1.75
4000 100 -9 5.0 0.0 6.0 0.0 0.0 1.0 1.0 1.0 1.75 2.58
4000 100 -6 5.0 0.0 6.0 0.0 1.0 5.0 0.0 0.0 1.88 2.47
4000 50 -9 5.0 0.0 5*0 0.0 2.0 5.0 0.0 1.0 1.50 1.41
4000 12 -9 2.0 0.0 4.0 -1.0 0.0 4.0 0.0 2.0 1.65 1.69
4000 6 -16 4.0 5.0 1.0 0.0 1.5 1.0 1.5 2.0 1.75 1.25
4000 6 -12 4.0 0.0 5.0 0.0 0.0 2.0 4.0 5.0 2.25 2.05
4000 6 -9 4.0 5.0 0.0 0.0 2.0 0.0 4.0 5.0 2.25 2.05
4000 5 -12 6.0 1.0 4.0 1.0 0.5 1.0 1.5 5*0 2.25 1.95
2000 200 -12 6.0 5.0 2.0 1.0 0.0 1.0 4.5 0.0 2.19 2.17
2000 100 -16 5.5 4.5 0.5 0.0 2.0 1.5 0.5 0.0 1.56 1.68
2000 100 -12 1.0 2.5 5.0 0.0 1.0 1.0 1.5 2.0 1.50 0.96
2000 100 -9 4.0 5.0 5.0 0.0 1.0 2.5 6.0 0.0 2.44 2.06
2000 12 -12 6.0 2.5 2.0 1.0 2.0 0.0 0.5 0.0 1.75 1.96
2000 6 -9 5.0 5.0 6.0 0.0 0.0 5.0 1.5 1.0 2.44 2.25
2000 5 -20 4.0 0.5 4.0 0.0 1.0 0.5 2.0 1.0 1.65 1.58
2000 5 -16 2.0 6.0 2.0 0.0 2.5 1.5 0.5 1.0 1.94 1.84
N
10# 22
MUSIC
f0 Q lDJ SI S2 S3 S4 S5 S6 S7 S8 ASR SD
1000 25 -6 1.0 5.5 3.5 0.0 1.5 0.5 0.5 0.5 1.65 1.90
1000 12 -6 3.0 7.0 6.5 0.0 0.5 0.5 0.0 0.5 2.25 2.94
1000 3 -9 1.0 0.0 3.0 0.0 3.0 1.0 2.0 6.0 2.00 2.00
1000 3 -6 3.0 1.0 7.0 0.0 0.0 1.0 0.0 4.0 2.00 2.51
500 200 -9 5.5 2.0 2.5 2.0 0.0 1.0 1.0 1.0 1.88 1.66
500 50 -4 3.5 3.0 5.5 1.0 1.0 0.5 2.5 2.5 2.44 1.64
500 25 -4 4.0 3.5 1.5 0.0 0.0 0.0 0.5 2.5 1.50 1.65
500 6 -6 4.0 0.0 2.5 1.0 1.0 0.0 3.5 2.5 1.81 ' 1.53
500 3 -6 2.0 3.5 4.5 0.0 0.5 1.5 1.0 4.5 2.19 1.77
250 200 -20 4.0 1.5 1.0 0.5 3.0 4.5 1.0 0.0 1.94 1.68
250 100 -16 4.5 1.0 1.0 1.0 3.0 4.5 0.0 2.5 2.19 1.71
250 50 -16 4.0 0.0 0.0 1.0 3.0 3.0 2.0 2.0 1.88 1.46
250 50 -12 4.0 0.0 1.0 0.0 4.0 2.0 0.0 5.0 2.00 2.07
250 12 -9 5.0 0.0 7.0 0.0 0.0 1.0 0.0 1.0 1.75 2.71
250 12 -6 3.0 3.0 3.0 0.0 4.0 3.5 1.0 1.5 2.58 1.58
250 6 -12 4.0 0.0 3.0 1.0 0.0 2.0 2.5 0.0 1.56 1.55
250 3 -6 4.0 2.5 5.0 1.0 1.0 1.0 1.0 0.0 1.94 .1.74
63 12 -4 1.0 0.0 0.0 0.0 0.5 3.0 3.0 5.0 1.56 1.88
8000 200 -4 .. 6.0 2.0 6.0 0.5 3.5 0.5 4.0 3.0. 3.19 2.15
8000 50 -9 5.5 5.5 4.0 2.5 2.0 1.0 2.5 3.5 3.31 1.62
8000 25 -9 5.0 0.5 6.0 1.0 4.5 1.5 2.0 3.0 2.94 2.05
8000 12 -12 3.5 3.0 2.5 2.0 3.0 1.5 5.0 3.0 2.94 1.05
8000 12 -9 4.0 1.5 2.0 1.0 3.0 1.0 9.0 2.0 2.94 2.65
8000 6 -9 4.0 4.0 3.0 1.0 3.5 2.0 4.5 5.0 3.37 1.33
8000 3 -20 3.5 1.5 4.5 0.0 2.5 3.0 6.0 2.5 2.94 1.82
8000 3 -16 5.0 3.0 0.0 2.0 3.0 0.5 6.0 2.0 2.69 2.05
4000 200 -2 3.0 2.0 9.0 1.0 4.0 1.0 1.0 1.0 2.75 2.76
4000 50 -6 4.5 0.5 8.0 0.0 2.0 2.0 1.0 . 3.0 2.65 2.60
4000 50 -4 3.5 2.5 8.0 0.5 1.0 1.5 1.0 6.0 5.00 2.70
4000 25 -6 4.0- 1.5- 5.0 2.0 1.5 1.0 3.0 6.0 5.00 1.85
2000 200 -9 4.0 4.5 2.5 0.0 1.0 0.0 8.0 1.0 2.65 2.76
2000 50 -12 3.5 7.0 2.5 0.5 1.0 0.5 6.0 2.0 2.88 2.47
2000 50 -9 6.0 5.5 4.0 2.0 1.0 1.5 4.0 1.0 3.13 2.01
2000 25 -12 4.5 6.0 2.0 0.5 1.5 3.0 3.0 4.5 3.13 1.81
2000 25 -9 5.5 7.0 2.0 0.0 3.5 2.0 1.0 1.5 2.81 2.57
2000 12 -9 5.0 4.5 6.0 0.0 2.0 2.0 4.0 1.0 5.06 2.11
1000 200 -4 4.5 7.0 6.0 0.0 0.0 1.0 0.5 3.5 2.81 2.81
1000 100 -4 1.0 8.0 9.0 2.0 1.0 2.0 0.0 2.0 3.13 5.40
500 200 -12 4.5 2.0 5.0 1.0 2.5 1.5 2.5 1.5 2.56 1.45
500 12 -4 4.5 5.5 4.5 0.5 0.5 0.5 2.5 1.5 2.50 2.07
250 25 -9 4.0 2.5 2.0 2.0 4.0 9.0 1.0 2.0 3.31 2.52
250 6 '-6 4.0 1.5 5.0 1.0 1.0 6.5 0.0 3.0 2.75 2.27
125 100 -4 6.0 1.5 2.5 2.0 1.5 0.5 5.5 2.0 2.69 1.98
125 50 -2 5.0 2.5 5.0 1.5 2.5 0.0 6.0 1.0 2.94 2.16
125 6 -4 2.5 1.5 5.0 1.5 0.5 1.5 3.5 4.5 2.56 1.61
125 3 -4 4.0 2.0 2.0 1.0 2.0 2.5 5.5 5.5 5.06 1.72
63 6 -2 6.0 2.0 1.0 0.0 1.5 1.5 3.5 6.5 2.75 2.58
10*23
MUSIC
fo Q lDol SI S2 S3 S4 S5 S6 S7 S8 ASR SD
8000 50 -6 5.0 3.5 8.0 2.5 4.5 2.0 3.0 4.0 4.06 1.88
8000 5 -12 3.0 4.5 2.0 2.5 4.0 2.5 6.0 5.0 3.69 1.41
4000 25 -4 5.0 6.0 5.0 0.0 4.0 5.0 2.5 2.0 3.69 2.02
4000 12 -6 5.0 6.0 4.5 0.5 3.0 5.5 3.0 2.5 3.75 1.85
4000 3 -9 5.0 2.0 5.0 2.5 1.5 6.0 2.5 4.0 3.56 1.66
2000 3 -12 2.5 4.5 7.0 0.0 1.0 1.0 8.0 6.5 5.81 5.10
2000 3 -9 3.0 6.0 8.5 0.5 0.0 3.0 5.0 7.0 4.13 .3.05
1000 50 -6 5.0 7.0 5.0 0.0 0.0 2.5 9.5 2.0 3.87 3.37
1000 6 -6 2.0 7.0 8.0 1.0 2.5 0.5 1.0 8.0 3.75 3.32
250 200 -16 4.0 5.0 3.0 3.0 4.0 5.0 4.0 0.0 3.50 1.60
250 50 -9 5.0 4.0 3.0 2.5 5.0 9.5 0.5 2.5 4.00 2.67
250 50 -6 6.0 6.0 5.0 1.5 2.0 8.0 1.0 0.0 3.69 2.91
250 25 -6 5.5 1.5 7.5 2.5 3.5 4.5 1.0 2.0 3.50 2.22
63 3 “2 1 6.5 2.5 2.5 1.0 1.5 4.5 4.0 6.5 3.65 2.12
8000 50 -4 7.0 5.0 4.0 2.5 5.0 2.0 5.0 9.0 4.94 2.27
8000 6 -6 5.0 6.5 3.0 2.0 5.5 3.5 8.0 4.0 4.69 1.96
4000 100 -2 6.0 8.0 8.0 1.0 4.0 6.0 3.0 2.0 4.75 2.66
2000 200 -6 7.0 7.0 7.5 0.5 2.0 3.0 4.0 7.0 4.75 2.73
2000 200 -4 9.0 7.5 6.5 0.0 4.5 4.5 0.5 4.0 4.56 5.16
2000 100 -4 8.0 4.5 7.5 1.0 4.5 4.0 5.5 3.5 4.81 2.24
2000 12 -6 7.0 8.5 8.5 2.0 4.5 4.5 5.0 3.5 5.44 2.55
2000 6 -6 5.5 8.0 2.5 1.5 1.5 7.5 5.5 7.0 4.88 2.68
1000 50 -4 7.0 9.0 10.0 0.0 3.0 4.5 2.5 5.0 5.13 3.39
500 100 -6 7.0 7.0 8.0 2.5 3.5 3.5 8.5 1.0 5.13 2.85
500 100 -4 7.5 6.5 6.5 1.5 5.5 3.0 6.0 3.5 5.00 2.09
500 25 -2 4.5 7.0 8.0 1.5 2.0 1.5 7.5 8.0 5.00 2.98
500 6 -4 4.5 7.5 8.5 1.0 1.5 1.0 6.5 6.5 4.65 5.08
500 3 -4 6.5 6.0 8.0 1.5 2.0 2.5 7.0 7.5 5.13 2.67
250 100 -9 7.0 6.0 6.0 2.0 4.0 9.0 2.0 3.0 4.88 2.53
250 25 -4 7.0 7.0 6.0 2.0 6.0 8.5 0.0 1.0 4.69 5.20
250 12 -4 5.0 6.5 10.0 3.0 6.0 4.0 2.0 2.0 4.81 2.70
250 6 -4 8.0 6.5 7.0 1.0 4.5 8.0 1.0 6.5 5.31 2.88
125 12 -2 6.0 4.0 9.5 3.5 0.5 3*5. 5.5 5.5 4.75 2.59
8000 200 -2 7.0 7.5 9.0 1.5 7.5 0.0 10.0 6.0 6.06 3.52
8000 100 -2 9.5 3.0 6.0 7.0 8.5 2.5 4.0 5.5 5.75 2.52
8000 25 -4 8.0 6.0 9.0 4.0 7.0 1-5 7.5 7.0 6.25 2.42
8000 12 -6 8.5 6.0 7.0 -2.5 r 3.5 3.5 9.5 8.5 6.15 2.-68
8000 6 -4 6.5 5.5 8.0 3.5 4.5 6.5 8.0 8.0 6.51 1.71
4000 3 -6 7.0 7.5 8.5 4.0 6.0 7.5 8.5 0.0 6.15 2.88
2000 100 -6 9.0 7.5 6.5 4.0 3.0 4.5 8.0 4.0 5.81 2.22
2000 50 -6 6.5 9.0 9.5 2.5 4.0 2.0 9.5 7.0 6.25 5.08
2000 3 -6 6.0 7.0 9.0 2.0 2.0 7.0 7.0 4.0 5.50 2.56
1000 25 -4 8.0 8.5 10.0 5.0 1.0 5.0 10.0 4.0 6.44 5.20
1000 12 -4 5.0 9.0 10.0 2.0 7.0 8.0 0.0 10.0 6.58 5.74
10/24
MUSIC
f0 Q N
SI S2 S3 S4 S5 S6 S7 S8 ASR SD
500 50 -2 6.5 7.5 9.0 1.0 4.0 5.0 9.5 6.5 6.15 2.77
500 12 -2 7.0 8.0 9.0 2.5 3.0 2.0 8.5 6.5 5.81 2.87
250 100 -12 6.5 4.5 7.0 3.0 5.5 9.5 5.0 3.5 5.56 2.09
250 50 -4 6.0 8.5 8.0 5.5 2.0 9.0 5.0 2.0 5.75 2.73
250 3 -4 8.0 4.0 7.0 3.0 4.5 6.5 7.0 6.5 5.81 1.75
125 25 -2 6.0 4.0 9.0 4.0 6.0 1.0 9.5 5.5 5.63 2.76
125 6 -2 6.0 5.0 9.5 4.0 7.0 2.0 5.0 6.0 5.56 . 2.19
8000 3 -9 5.0 5.0 9.0 3.0 7.0 5.0 10.0 9.0 6.63 2.50
8000 3 -6 7.0 5.0 6;0 6.0 7.0 3.5 10.0 9.0 6.69 2.09
8000 3 -4 7.5 7.0 8.5 6.0 6.5 7.5 10.0 6.0 7.38 1.36
4000 50 -2 6.5 8.5 10.0 4.0 6.0 3.5 9.0 7.0 6.81 2.31
4000 12 -4 6.0 8.0 8.5 2.0 7.0 9.0 9.0 8.0 7.19 2.33
4000 6 -6 6.5 6.5 8.0 2.0 4.0 9.5 9.0 8.0 6.69 2.56
2000 50 -4 7.5 9.0 9.5 1.5 5.0 8.5 10.0 5.5 7.06 2.88
2000 25 -6 6.0 7.5 9.5 0.5 2.5 10.0 10.0 6.0 6.50 3.53
1000 6 -4 6.0 6.0 10.0 4.0 3.0 9.5 6.0 8.5 6.63 2.52
500 200 -6 8.0 8.0 10.0 3.0 5.5 5.0 5.5 7.0 6.50 2.19
500 6 -2 6.0 9.0 10.0 0.0 6.5 4.0 8.5 10.0 6.75 3.44
250 200 -12 8.0 6.5 8.5 6.0 4.5 9.5 6.0 4.5 6.69 1.83
250 100 -6 7.5 7.5 9.0 5.5 7.0 9.5 5.0 3.5 6.81 2.03
8000 50 -2 9.0 8.5 9.5 8.5 8.0 1.5 10.0 8.5 7.94 2.68
4000 6 -4 8.5 8.5 10.0 3.5 7.0 10.0 10.0 10.0 8.44 2.27
4000 3 -4 8.0 9.0 9.5 6.0 7.0 10.0 10.0 7.0 8.31 1.53
2000 12 -4 8.0 9.0 10.0 1.0 5.0 10.0 10.0 8.0 7.63 3.16
2000 6 -4 7.5 9.5 10.0 2.5 5.0 10.0 9.5 9.0 7.88 2.75
2000 3 -4 7.5 9.0 8.5 6.5 4.5 10.0 10.0 8.5 8.06 1.86
1000 100 -2 9.0 10.0 10.0 3.5 4.5 10.0 8.0 9.5 8.06 2.61
1000 3 -4 7.0 8.5 10.0 1.5 6.0 10.0 8.5 9.0 7.56 2.81
125 100 -2 10.0 8.5 10.0 3.0 8.0 8.0 10.0 9.0 8.31 2.31
125 3 -2 9.5 7.0 10.0 6.0 6.0 8.0 10.0 9.0 8.19 1.69
8000 . 25 -2 10.0 8.5 9.0 8.0 4.0 10.0 10.0 10.0 8.69 2.05
8000 12 -4 10.0 7.0 10.0 8.0 8.0 5.0 10.0 10.0 8.50 1.85
8000 12 -2 10.0 8.0 9.5 9.0 9.0 10.0..10.0 10.0 9.44 0.73
8000 6 -2 10.0 8.5 10.0 8.0 8.0 10.0 10.0 10.0 9.31 0.96
8000 3 -2 9.0 7.5 10.0 7.0 9.0 10.0 10.0 9.0 8.94 1.15
4000 25 -2 8.0 10.0 10.0 5.0 8.0 10.0 10,0 10.0 8.88 1.81
4000 12 -2 8.5 10.0 10.0 6.0 7.0 9.5 10.0 9.5 8.81 1.53
4000 6 -2 9.0 10.0 10.0 7.0 9.0 10.0 10.0 10.0 9.38 1.06
2000 25 -4 9.5 10.0 10.0 5.0 5.0 10.0 10.0 9.5 8.63 2.25
2000 12 -2 10.0 10.0 10.0 7.5 8.5 10.0 10.0 8.5 9.31 1.00
2000 3 -2 9.0 9.5 10.0 8.0 7.0 10.0 10.0 10.0 9.19 1.13
1000 200 -2 9.0 10.0 10.0 7.0 7.5 10.0 10.0 8.5 9.00 1.22
1000 50 -2 9.5 9.5 10.0 9.0 7.5 10.0 10.0 9.0 9.31 0.84
10.25
MUSIC
f0 Q lDol SI S2 S3 S4 S5
S6 37 S8 ASR SD
1000 12 -2 10.0 9.5 10.0 8.0 9.0 10.0
o
•
o
 
1—1 9.0 9.44 0.73
500 200 -4 10.0 9.0 9.5 9.0 7.0 10.0 10.0 9.5 9.25 1.00
500 100 -2 8.5 10.0 9.0 8.5 6.5 10.0 10.0 9.5 9.00 1.20
500 3 -2 7.5 10.0 10.0 6.5 5.5 9.0 10.0 10.0 8.56 1.82
250 100 -4 9.0 8.5 10.0 8.5 6.5 10.0 10.0 9.5 9.00 1.20
250 50 -2 9.0 9.5 10.0 8.5 4.5 10.0 10.0 8.0 8.69 1.85
250 12 -2 10.0 9.0 9.0 7.0 8.0 10.0 10.0 10.0 9.13- 1.13
250 6 -2 10.0 9.0 10.0 9.0 8.0 10.0 10.0 9.0 9.38 0.74
4000 3 -2 10.0 10.0 10.0 10.0 8.0 10.0 10.0 9.0 9.63 0 .74
2000 200 -2 10.0 10.0 10.0 9.0 8.0 10.0 10.0 10.0 9.63 0 .74
2000 100 -2 10.0 10.0 10.0 9.0 9.0 10.0 10.0 10.0 9.75 0 • 46
2000 50 -2 10.0 10.0 10.0 9.0 10.0 10.0 10.0 9.0 9.75 0.46
2000 25 -2 10.0 10.0 10.0 8.0 9.0 10.0 10.0 10.0 9.63 0.74
2000 6 > -2 10.0 10.0 10.0 10.0 8.0 10.0 10.0 10.0 9.75 0 .71
1000 25 -2 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.00 0 .00
1000 6 -2 9.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 9.88 0 .35
1000 3 -2 9.0 9.5 10.0 9.0 10.0 10.0 10.0 10.0 9.69 0.46
500 200 -2 10.0 10.0 10.0 10.0 9.0 10.0 10.0
o•o 
1—1 9.88 0.35
250 200 -9 9.5 10.0 10.0 10.0 9.0 10.0 10.0 9.5 9.75 0 .38
250 200 -6 9.0 9.0 10.0 10.0 9.0 10.0 10.0 10.0 9.63 0 .52
250 200 -4 10.0 10.0 10.0 10.0 9.0 10.0 10.0 10.0 9.88 0.35
250 200 -2 10.0 10.0 10.0 10.0 9.0 10.0 10.0 10.0 9.88 0 .35
250 100 -2 10.0 10.0 10.0 10.0 9.0 10.0 10.0 10.0 9.88 0.35
250 25 -2 10.0 9.0 10.0 8.0 9.0 10.0 10.0 10.0' 9.50 0.76
250 3 -2 10.0 10.0 10.0 7.0 10.0 10.0 10.0 10.0 9.63 1.06
Average Subjective Zero = 1 . 4 2 — 1 PINK NOISE
F Q W SI S2 S3 S4 S5 S6 S7 S9 Av SD
4000 200 +12 0.0 0.0 0.0 0.0 1.0 1.0 3.5 1.0 0.81 1.19
4000 200 +6 1.0 0.0 0.0 1.0 1.0 2.0 3.0 2.0 1*25 1.04
4000 50 +12 2.0 0.0 0.0 0.0 0.0 2.0 2.0 1.0 0.87 0.99
4000 25 +16 3.0 0.0 0.0 1.0 2.0 2.0 2.0 1.0 1.38 1.06
4000 25 +9 1.0 0.0 0.0 1.0 0.0 2.0 4.5 2.0 1.31 1.53
4000 NC 0.0 0.0 0.0 0.0 1.0 3.0 3.5 3.0 1.31 1.58
2000 100 +12 1.0 1.0 0.0 1.0 2.0 1.0 3.0 2.0 1.38 0.92
2000 50 +6 0.5 0.0 3.0 0.0 0.5 — 3.5 1.0 1.21 .=1.44
2000 25 +9 0.0 1.0 1.0 0.0 1.0 2.0 3.0 3.0 1.38 1.19
2000 12 +6 1.5 0.0 0.5 0.5 1.0 — 2.5 2.5 1.21 0.99
2000 NC 0.0 0.0 0.0 0.0 4.0 1.0 4.0 2.0 1.38 1.77
1000 200 +16 0.0 0.0 0.0 0.0 2.0 1.0 4.0 1.0 1.00 1.41
1000 200 +12 0.0 0.0 2.0 2.0 1.0 1.0 3.0 2.0 1.38 1.06
1000 50 +16 0.0 0.0 1.0 0.0 2.0 2.0 5.0 1.0 1.38 1.69
10.26
PINK NOISE
f0 Q K \ SI S2 S3 S4 S5 S6 S7 S9
ASR SD
1000 25 +6 0.0 1.0 0 . 0 0 . 0 1.0 1.0 5.0 1.0 1.13 1.64
1000 NC 0.0 0.0 0 . 0 1.0 1.0 0 . 0 5.0 1.0 0.75 1.04
1000 NC 0.0 0.0 0 . 0 0 . 0 4.0 5.0 5.0 0 . 0 1.25 1.75
1000 NC 0.0 0.0 0 . 0 0 . 0 1.0 2.0 5.0 2.0 1.25 1.75
500 200 +12 0.0 1.0 2.0 0 . 0 1.0 2.0 5.0 1.0 1.25 1.04
500 12 +6 0.0 1.0 0 . 0 0 . 0 2.0 2.0 3.0 1.0 1.13 1.13
250 50 +16 0.0 0.0 0 . 0 0 . 0 5.0 2.0 3.0 1.0 1.13. 1.36
250 25 +9 0.0 4.0 2.0 0 . 0 1.0 1.0 3.0 0 . 0 1.38 1.51
250 12 +12 0.0 0.0 2.0 0 . 0 1.0 1.0 4.0 0 . 0 1.00 1.41
250 6 +6 0.0 1.0 0 . 0 1.0 0 . 0 1.0 3.0 1.0 0.87 0.99
250 NC 1.0 0.0 0 . 0 1.0 2.0 1.0 3.0 1.0 1.13 0.99
250 NC 0.0 0.0 0 . 0 0 . 0 0 . 0 1.0 4.0 3.0 1.00 1.60
125 100 +9 0.0 o . o 1.0 0 . 0 1.0 5.0 3.0 1.0 1.13 1.25
125 50 +6 1.0 0.0 2.0 0 . 0 1.0 2.0 2.0 2.0 1.25 0.89
125 12 +12 1.0 0.0- 1*0- 0;0 0 . 0 — 4.0 1.0 1;Q0 <1*41
125 NC 1.0 0 . 0 0 . 0 2.0 1.0 1.0 3.0 2.0 1.25 1.04
125 NC 0.0 0 . 0 0 . 0 0 . 0 2.0 - 3.0 1.0 0.86 1.21
65 12 +12 1.0 0 . 0 0 . 0 0 . 0 0 . 0 1.0 4.0 1.0 0.87 1.36
65 12 +9 0.0 0 . 0 0 . 0 1.0 5.0 2.0 3.0 2.0 1.38 1.30
65 12 +4 2.0 0 . 0 0 . 0 0 . 0 1.0 1.0 5.0 1.0 1.25 1.67
65 6 +16 1.0 0 . 0 0 . 0 1.0 1.0 1.0 3.0 2.0 1.13 0.99
65 6 +12 0.0 0 . 0 0 . 0 0 . 0 2.0 2.0 2.0 3.0 1.13 1.25
65 6 +6 1.0 0 . 0 0 . 0 0 . 0 2.0 2.0 3.0 1.0 1.13 1.13
65 5 +16 0.0 0 . 0 0 . 0 1.0 0 . 0 1.0 4.0 4.0 1.25 1.75
65 5 +9 0.0 0 . 0 0 . 0 0 . 0 1.0 2.0 3.0 2.0 1.00 1.20
65 NC 0.0 0 . 0 0 . 0 1.0 1.0 2.0 3.0 1.0 l . o o . - 1.07
65 NC 0.0 0 . 0 0 . 0 1.0 1.0 2.0 3.0 2.0 1.13 1.13
4000 200 +16 0.0 1.0 0 . 0 1.0 5.0 5.0 4.5 1.0 1.94 1.97
4000 200 +4 5.0 0 . 0 0 . 0 1.0 1.0 1.0 3.0 4.0 1.88 1.89
4000 100 +16 5.0 0 . 0  . 0.0- 0 . 0 1.0 2.0 3.0 4.0 1.63 1.60
4000 100 +12 0.0 1.0 0 . 0 0 . 0 5.0 2.0 3.5 4.0 1.69 1.67
4000 100 +9 0.0 0 . 0 2.0 0 . 0 6.0 2.0 5.0 2.0 2.13 2.30
4000 100 +6 0.0 0 . 0 0*0 1.0 4.0 2.0 4.0 2.0 1.63 1.69
4000 50 +16 1.0 0 . 0 0 . 0 1.0 5.0 2.0 3.0 6.0 2.25 2.25
4000 50 +9 1.0 0 . 0 1.0 0 . 0 0 . 0 2.0 5.0 4.0 1.63 1.92
4000 50 +6 4.0 0 . 0 0 . 0 1.0 2.0 2.0 3.0 2.0 1.75 1.39
4000 25 +6 1.0 5.0 0 . 0 0 . 0 4.0 5.0 4.5 3.0 2.31 1.75
4000 NC 2.0 0 . 0 2.0 1.0 5.0 2.0 4.0 4.0 2.25 1.39
4000 NC 1.0 0 . 0 0 . 0 1.0 5.0 2.0 4.5 2.0 1.69 1.53
2000 200 +16 0.0 0 . 0 5*0 0 . 0 5.0 2.0 0 . 0 6.0 1.75 2.19
2000 200 +12 2.0 1.0 2.0 0 . 0 0 . 0 2.0 3.0 2.0 1.50 1.07
2000 2 0 0 +6 0.0 1.0 0 . 0 0 . 0 5.0 2.0 5.0 5.0 2.00 2.14
2000 -» r\rs +16 1.0 0 . 0 1.0 0*0 0.0 2.0 6.0 5.0 1.88 2.36
2000 1 0 0 +9 2.0 1.0 5*0 1.0 1.0 2.0 4.0 1.0 1.88 1.13
2000 100 +6 0.0 1.0 0 . 0 1.0 1.0 5.0 4.0 5.0 1.88 1.89
2000 50 +9 0.0 0 . 0 5.0 1.0 5.0 2.0 4.0 4.0 2.38 1.92
2000 25 +6 o ; o ' 5.0 1.0 2.0 5.0 2.0 1.0 4.0 2.00 1.31
2000 NC 1.0 0 . 0 0 . 0 0 . 0 2.0 2.0 5.0 4.0 1.75 1.91
2000 NC 0.0 0 . 0 0 . 0 0 . 0 4.0 2.0 4.0 3*0 1.63 1.85
10.27
f0 Q PJ SI
1000 200 +6 0.0
1000 200 +4 2.0
1000 100 +16 0.0
1000 100 +12 0.0
1000 100 +9 0.0
1000 100 +6 2.0
1000 50 +12 0.0
1000 50 +9 1.0
1000 50 +6 3.0
1000 25 +9 1.0
1000 12 -+6 1.0
500 100 +16 '1*0
500 100 +12 0.0
500 100 +9 0.0
500 100 +6 3.0
500 50 +6 2.0
500 25 +9 0.0
500 25 +6 0.0
500 12 +16 0.0
500 12 +12 2.0
500 12 +9 1.0
500 6 +6 2.0
500 NC 2.0
500 NC 0.0
500 NC 0.0
250 200 +16 2.0
250 200 +12 3.0
250 200 +6 3.0
250 100 +16 3.0
250 100 +12 3.0
250 100 +6 3.0
250- 50 +12 2.0
250 50 +9 2.0
250 50 +6 0.0
250 25 +16 0.0
250 25 +6 0.0
250 12 +9 0.0
250 12 +6 0.0
250 6 +16 0.0
250 6 +12 4.0
250 NC 1.0
125 100 +12 3.0
125 100 +6 3.0
125 50 +16 4.0
125 50 +12 4.0
125 50 +9 2.0
125 50 +4 3.0
125 25 +16 2.0
125 25 +12 0.0‘
125 25 +9 2.0
125 25 +6 3.0
125 25 +4 4.0
S2 S3 S4 S5
0.0 3.0 0.0 2.0
1.0 2.0 0.0 5.0
0.0 2.0 0.0 3.0
0.0 2.0 2.0 1.0
0.0 _ 3.0 2.0 2.0
1.0 2.0 0.0 0.0
0.0 0.0 1.0 5.0
0.0 2.0 0.0 1.0
0.0 2.0 1.0 1.0
1.0 1.0 2.0 2.0
1.0 3.0 0.0 1.0
0.0 0.0 2.0 2.0
1.0 3.0 0.0 -3.0
1*0 2.0 0.0 2.0
1.0 3.0 1.0 0*0
2*0' 3*0 :0.0 0.0
0.0 0.0 0.0 2.0
0.0 1.0 1.0 4.0
0.0 0.0 0.0 2.0
1.0 0.0 1.0 3.0
0.0 0.0 0.0 3*0
0.0 0.0 0.0 5.0
1.0 0.0 0.0 0.0
0.0 0.0 1.0 2.0
1.0 0.0 0.0 3.0
1.0 3.0 0.0 1.0
1.0 2.0 1.0 0.0
1.0 3.0 1.0 1.0
1.0 3.0 1.0 1.0
1.0 2.0 3.0 2.0
1.0 2.0 0.0 2.0
1.0 2.0 1.0 1.0
1.0 3.0 0.0 1.0
1.0 1.0 2.0 1.0
0.0 2.0 0.0 3.0
1.0 2.0 1.0 2.0
1.0 1.0 0.0 4.0
o;o 1.0 1.0 2.0
0.0 0.0 1.0 3.0
3.0 0.0 0.0 3.0
2.0 0.0 0.0 5.0
1.0 3.0 1.0 1.0
1.0 2.0 1.0 0.0
0.0 2.0 1.0 1.0
1.0 0.0 0.0 1.0
0.0 2.0 0.0 1.0
1.0 2.0 0.0 1.0
1.0 2.0 1.0 2.0
0.0 3.0 0.0 1.0
0.0 4.0 0.0 0.0
0.0 2.0 1.0 1.0
1.0 3.0 2.0 1.0
PINK
S6 S7 S9 ASR
3.0 4.0 1.0 1.63
2.0 2.0 3.0 2.13
2.0 4.0 1.0 1.50
2.0 2.0 3.0 1.50 
2.0 4.0 3.0 2.00 
3.0 6.0 2.0 2.00 
3.0 2.0 4.0 1.88 
2.0 4.0 5.0 1.88
2.0 6.0 3.0 2.25
2.0 3.0 1.0 1.63
2.0 4.0 5.0 2.13
2.0 . 3.0 4.0 1.75
3.0 4.0 2.0 2.00 
2.0 3*0 2.0 1.50
2.0 4.0 3.0 2.13
3.0 4.0 1.0 1.88
3.0 4.0 4.0 1.63
2.0 5.0 3.0 2.00
3.0 4.0 5.0 1.75
2.0 6.0 2.0 2.13
3.0 5.0 5.0 2.13
3.0 3.0 2.0 1.88
2.0 4.0 4.0 1.63
2.0 5.0 2.0 1.50
2.0 4.0 4.0 1.75
1.0 5.0 0.0 1.63
2.0 3.0 4.0 2.00
1.0 ‘ 3.0 3.0 2.00 
2.0 3.0 2.0 2.00 
2.0 5.0 1.0 2.38 
2.0 4.0 2.0 2.00
5.0 4.0 2.29
2.0 4.0 4.0 2.13
5.0 5.0 2.14
2.0 5.0 1.0 1.63
2.0 4.0 0.0 1.50
2.0 4.0 3.0 1.88
1.0 4.0 4.0 1.63
2.0 6.0 3.0 1.88
2.0 6.0 0.0 2.25
5.0 3.0 2.29
3.0 1.0 1.86
2.0 3.0 1.0 1.63
2.0 6.0 1.0 2.13
1.0 4.0 2.0 1.63
2.0 3.0 3.0 1.63
2.0 2.0 1.0 1.50
1.0 5.0 3.0 2.13
2.0 5.0 5.0 2.00
2.0 2.0 3.0 1.63
1.0 4.0 4.0 2.00
1.0 3.0 3.0 2.25
NOISE
SD
1.60
1.46
1.51
1.07 
1.41 
1.93
1.96 
. 1.81
1.83
0.74
1.73
1.39
1.51
1.07
1.36 
1v46
1.85
1.85
2.05 
1.81 
2.17 
1.81
1.69
1.69 
1.75
1.69 
1.31
1.07 
0.93
1.30 
1.20 
1.60 
1.46 
2.04 
1.77
1.31 
1.64 
1.60 
2.10
2.19
2.14
1.07
1.06
1.96 
1.60
1.19 
0.93
1.36
2.14
1.51
1.51 
1.16
10.28
PINK NOISE
f0 Q Pol SI S2 S5 S4 S5 S6 S7 S9 ASR SD
125 12 +16 5.0 0.0 5.0 0.0 2.0 4.0 0.0 1.71 1.70
125 12 +9 2.0 0.0 1.0 1.0 1.0 2.0 4.0 2.0 1.65 1.19
125 12 +6 4.0 1.0 2.0 0.0 2.0 — 5.0 0.0 1.71 1.50
125 6 +9 2.0 1.0 0.0 1.0 4.0 2.0 4.0 4.0 2.25 1.58
125 6 +6 2.0 0.0 1.0 0.0 1.0 2.0 4.0 4.0 1.75 1.58
125 NC 4.0 0.0 0.0 1.0 0.0 1.0 5.0 4.0 1.65 1.77
65 25 +16 5.0 0.0 0.0 0.0 0.0 1.0 5.0 5.0 1.50 1.95
65 6 +4 1.0 1.0 0.0 1.0 1.0 2.0 5.0 1.0 1.50* 1.51
65 5 +6 2.0 1.0 0.0 0.0 4.0 1.0 2.0 4.0 1.75 1.58
4000 12 +9 5.0 2.0 5.0 2.0 1.0 5.0 5.0 2.0 2.88 1.46
4000 12 +6 4.0 2.0 5.0 4.0 4.0 5.0 5.0 1.0 5.25 1.28
2000 50 +16 5.0 1.0 2.0 2.0 5.0 2.0 5.0 5.0 2.65 1.19
2000 50 +12 2.0 0.0 2.0 1.0 4.0 2.0 8.0 2.0 2.65 2.45
2000 25 +16 4.0 * 4.0 1.0 2.0 5.0 5.0 4.0 4.0 5.57 1.50
1000 25 +16 2.0 2.0 4.0 0.0 5.0 2.0 4.0 1.0 2.50 1.69
1000 12 +12 5.0 5.0 5.0 0.0 5.0 2.0 6.0 4.0 5.00 1.69
1000 12 +9 5.0 5.0 0.0 5.0 6.0 5.0 4.0 2.0 5.25 1.85
500 200 +16 5.0 1.0 4.0 0.0 4.0 2.0 6.0 2.0 2.75 1.91
500 200 +6 4.0 1.0 2.0 • 2.0 i 5.0 2.0 5.0 4.0 2.88 1.56
500 200 +4 4.0 1.0 2.0 2.0 5.0 2.0 4.0 2.0 2.50 1.07
500 50 +16 1.0 1.0 5.0 0.0 i4.0 5.0 4.0 5.0 2.65 1.77
500 50 +12 5.0 0.0 4.0 2.0 2.0 2.0 5.0 4.0 2.50 1.51
500 50 +9 5.0 1.0 2.0 1.0 5.0 5.0 5.0 5.0 2.88 1.55
500 50 +4 4.0 4.0 1.0 2.0 4.0 5.0 6.0 1.0 5.15 1.75
500 25 +16 2.0 1.0 0.0 5.0 5.0 5.0 4.0 6.0 2.75 1.85
250 100 +9 5.0 1.0 5.0 0.0 5.0 — 5.0 6.0 5.00 2.08
250 50 +4 5.0 1.0 5.0 0.0 2.0 — 7.0 5.0 5.00 2.58
250 25 +4 4.0 1.0 2.0 5.0 2.0 5.0 4.0 1.0 2.50 1.20
250 12 +16 4.0 1.0 0.0 0.0 7.0 5.0 4.0 5.0 5.00 2.51
250 6 +9 4.0 2.0 2.0 1.0 ; 5.0 5.0 5.0 2.0 2.75 1.28
125 100 +16 5.0 1.0 5.0 0.0 4.0 2.0 5.0 5.0 2.65 1.60
125 100 +4 5.0 1.0 2.0 0.0 2.0 5.0 5.0 4.0 2.50 1.60
125 100 +2 6.0 2.0 5.0 1.0 2.0 1.0 6.0 2.0 2.88 2.05
125 12 +4 5.0 1.0 2.0 0.0 5.0 2.0 5.0 5.0 2.65 1.77
125 6 +16 4.0 1.0 5.0 1.0 4.0 r — 4.0 2.0 2.71 1.58
125 6 +12 4.0 1.0 7.0 0.0 0.0 5.0 4.0 1.0 2.50 2.45
125 5 +6 2.0 2.0 2.0 1.0 6.0 4.0 6.0 1.0 5.00 2.07
65 25 +2 5.0 1.0 0.0 0.0 5.0 2.0 8.0 4.0 2.65 2.62
65 5 +4 5.0 2.0 5.0 1.0 5.0 5.0 6.0 5.0 5.25 1.58
4000 50 +4 5.0 4.0 5.0 5.0 4.0 5.0 4.0 2.0 5.75 1.04
4000 12 +12 5.0 5.0 5.0 2.0 6.0 4.0 5.5 5.0 4.19 1.41
2000 200 +4 5.0 4.0 4.0 1.0 2.0 5.0 10.0 4.0 4.15 2.70
2000 50 +4 5.5 6.5 5.5 2.0 2.5 — 5.5 1.5 5.86 1.97
2000 12 +12 5.0- 2.0 5.0 5.0 5.0 5.0 8.0 4.0 4.15 1.89
2000 12 +9 4.0 2.0 6.0 2.0 5.0 5.0 7.0 4.0 4.15 1.81
2000 6 +6 6.0 5.0 5.0. 2.0 4.0 4.0 4.0 4.0 4.25 1.16
1000 50 +4 5.0 6.0 4.0 0.0 4.0 5.0 5.0 5.0 5.50 1.77
10.29
PIKK KOISE
f0 Q PJ
SI S2 S3 S4 S5 S6 S7 S9 ASR SD
1000 6 +9 5.0 4.0 5.0 3.0 3.0 4.0 5.0 1.0 3.75 1.39
1000 6 +6 . 4.0 1.0 7.0 1.0 6.0 2.0 5.0 4.0 3.75 2.25
500 6 +16 4.0 2.0 5.0 3.0 5.0 3.0 4.0 2.0 3.50 1.20
500 6 +12 6.0 2.0 7.0 3.0 5.0 3.0 6.0 2.0 4.25 1.98
500 6 +9 4.0 4.0 2.0- 1.0 6.0 2.0 4.0 5.0 3.50- 1.69
, 250 200 +4 5.0 1.0 6.0
o•H 6.0 - 6.0 2.0 5.86 2.41
125 50 +2 5.0 1.0 3.0 2.0 5.0 4.0 8.0 4.0 4.00 * 2.14
125 6 +4 6.0 2.0 2.0 2.0 5.0 — 7.0 1.0 3.57 2.37
4000 12 +16 6.0 5.0 8.0 2.0 5.0 3.0 5.0 6.0 5.00 1.85
2000 25 +4 7.0 7.0 6.0 3.0 5.0 3.0 6.0 4.0 5.13 1.64
2000 12 +16 5.0 6.0 7.0 3.0 5.0 3.0 6.0 5.0 5.00 1.41
2000 6 +16 7.5 4.5 6.5 4.5 4.5 — 4.0 4.0 5.07 1.37
2000 6 +9 4.0 5.0 4.0 5.0 7.0 5.0 6.0 4.0 5.00 1.07
1000 25 +4 8.0 5.0 8.0 2.0 6.0 7.0 3.0 2.0 5.13 2.53
1000 6 +12 7.0 5.0 7.0 2.0 6.0 5.0 5.0 2.0 4.88 1.96
500 25 +4 5.0 7.0 3.0 4.0 5.0 2.0 8.0 6.0 5.00 2.00
250 200 +2 5.0 5.0 6.0 2.0 7.0 3.0 6.0 6.0 5.00 1.69
250 3 +12 5.0 4.0^ 6.0’ 5.0 6.0 3.0 9.0 3.0 5.13 1.96
 ^125 25 +2 6.0 5.0 4.0 6.0 5.0 4.0 10.0 2.0 5.25 2.31
125 3 +16 4.0 3.0 6.0 4.0 3.0 4.0 8.0 4.0 4.50 1.69
125 3 +12 6.0 4.0 7.0 6.0 5.0 4.0 7.0 2.0 5.13 1.73
125 3 +9 3.0 4.0 8.0 5.0 5.0 4.0 6.0 6.0 5.13 .1.55
12 +2 8.0 3.0 3.0 6.0 3.0 3.0 9.0 7.0 5.25 2.55
4000 25 +4 8.0 6.0 8.0 3.0 6.0 4.0 9.5 7.0 6.44 2.16
4000 6 +16 10.0 4.0 8.0 3.0 6.0 8.0 6.0 5.0 6.25 2.31
4000 6 +12 7.0 5.0 6.0 4.0 9.0 5.0 6.0 9.0 6.38 1.85
4000 6 +6 6.0 6.0 7.0 7.0 5.0 5.0 8.0 5.0 6.13 1.13
2000 6 +12 5.0 5.0 9.0 2.0 7.0 5.0 7.0 6.0 5.75 2.05
1000 12 +16 6.0 5.0 10.0 3.0 5.0 3.0 6.0 9.0 5.88 2.53
1000 6 +16 6.0 4.0 10.0 2.0 8.0 4.0 7.0 4.0 5.63 2.62
500 100 +2 5.0 7.0:■ 5.0 3.0 8.0 9.0 9.0 5.0 6.38 2*20
500 6 +4 7.0 8.0 8.0 2.0 5.0 3.0 9.0 6.0 6.00 2.51
500 3 +16 10.0 4.0 4.0 2.0 6.0 4.0 10.0 8.0 6.00 3.02
500 3 +9 8.0 4.0 4.0 2.0 5.0 5.0 10.0 7.0 5.63 2.56
500 3 +6 9.0 7.0 5.0 1.0 6.0 4.0 8.0 8.0 6.00 2.62
--250- 100 +2 9.0 6.0 4.0 3.0 7.0 7.0 7.0 7.0 6.25 1.91
250 3 +16 6.0 4.0 9.0 5.0 8.0 — 8.0 4.0 6.29 2.06
250 3 +9 6.0 3.0 8.0 5.0 7.0 — 8.0 8.0 6.43 1.90
250 3 +6 8.0 5.0 8.0 3.0 5.0 - 8.0 6.0 6.14 1.95
125 3 +4 6.0 4.0 8.0 5.0 5.0 5.0 9.0 5.0 5.88 1.73
63 6 +2 7.0 4.0r'• 6.0 ;7.0 5.0 5.0 8.0 5.0 5.88 1.36
4000 6 +9 9.0 5.0 8.0 4.0 8.0 5.0 6.0 7.0 6.50 1.77
10.30
PINK NOISE
f0 Q W SI S2 S3 S4 S5 S6 S7 S9 ASR SD
2000 6 +4 6.0 7.0 10.0 5.0 6.0 10.0 9.0 6.0 7.38 2.00
1000 200 +2 7.0 8.0 7.0 3.0 8.0 9.0 10.0 6.0 7.25 2.12
1000 6 +4 5.0 8.0 10.0 5.0 5.0 6.0 9.0 6.0 6.75 1.98
1000 5 +12 10.0 7.0 10.0 4.0 7.0 5.0 6.0 6.0 6.88 2.17
1000 3 +9 8.0 5.0 10.0 6.0 6.0 5.0 7.0 7.0 6.75 1.67
1000 3 +6 8.0 6.0 10.0 6.0 7.0 5.0 9.0 6.0 7.13 1.73
500 200 +2 8.0 7.0 8.0 6.0 6.0 6.0 10.0 6.0 7.13 . 1.46
500 50 +2 8.0 8.0 7.0 5.0 6.0 7.0 9.0 3.0 6.65 1.92
500 3 +12 7.0 6.0 10.0 5.0 9.0 5.0 7.0 6.0 6.88 1.81
250 6 +4 8.0 7.0 5.0 5.0 8.0 8.0 9.0 8.0 7.25 1.49
250 3 +4 6.0 7.0 10.0 5.0 6.0 5.0 10.0 5.0 6.75 2.12
125 12 +2 8.0 7.0 9.0 5.0 5.0 8.0 10.0 4.0 7.00 2.14
4000 200 +2 10.0 9.0 7.0 5.0 6.0 10.0 10.0 6.0 7.88 2.10
2000 200 +2 9.0 9.0 10.0 5.0 7.0 6.0 10.0 8.0 8.00 1.85
2000 25 +2 8.5 10.0 10.0 5.5 7.0 — 10.0 6.5 8.21 1.89
2000 6 +2 8.5 10.0 10.0 6.5 6.0 — 10.0 7.0 8.29 1.78
2000 3 +16 7.0 8.0 10.0 8.0 8.0 8.0 7.0 9.0 8.13 0.99
2000 3 +12 6.0 8.0 10.0 5.0 8.0 10.0 10.0 10.0 8.38 2.00
2000 3 +9 5.0 7.0 10.0 6.0 8.0 7.0 8.0 9.0 7.50 1.60
1000 100 +2 8.0 8.0 9.0 7.0 8.0 10.0 10.0 3.0 7.88 2.23
1000 3 +16 9.0 8.0 10.0 4.0 8.0 8.0 6.0 7.0 7.50 1.85
250 50 +2 10.0 7.0 9.0 5.0 9.0 8.0 9.0 5.0 7.75 1.91
250 12 +2 9.0 9.0 8.0 6.0 7.0 10.0 10.0 5.0 8.00 1.85
65 3 +2 9.0 4.0 O • o 7.0 6.0 O • o 10.0 7.0 7.88 2.23
‘4000 100 +2 10.0 9.0 10.0 9.0 6.0 10.0 10.0 6.0 8.75 1.75
4000 50 +2 10.0 9.0 10.0 10.0 7.0 10.0 10.0 8.0 9.25 1.16
4000 12 +2 9.0 10.0 10.0 9.0 9.0 10.0 10.0 6.0 9.13 1.36
4000 6 "+4 9.0 8.0 10.0 8.0 7.0 10.0 10.0 8.0 8.75 1.16
4000 3 +16 10.0 7.0 10.0 4.0 8.0 10.0 10.0 10.0 8.63 2.20
4000 3 +12 9.0 7.0 10.0 6.0 10.0 10.0 8.5 9.0 8.69 1.49
4000 3 +9 8.0 5.0 10.0 8.0 8.0 10.0 10.0 10.0 8.63 1.77
4000 3 +6 9.0 9.0 10.0 5.0 6.0 9.0 10.0 10.0 8.50 1.93
2000 100 +2 9.0 9.0 9.0 5.0 9.0 10.0 10.0 7.0 8.50 1.69
2000 50 +2 9.0 9.0 9.0 7.0 9.0 10.0 10.0 8.0 8.88 0.99
2000 3 +6 9.0 8.0 10.0 6.0 9.0 10.0 10.0 8.0 8.75 1.39
2000 3 +4 10.0 10.0 10.0 8.0 8.0 10.0 10.0 7.0 9-13 1.25
1000 50 +2 10.0 9.0 10.0 7.0 9.0 10.0 10.0 9.0 9.25 1.04
1000 25 +2 9.0 9.0 10.0 7.0 8.0 10.0 10.0 10.0 9.13 1.13
1000 12 +2 9.0 10.0 10.0 7.0 8.0 10.0 10.0 7.0 8.88 1.36
1000 3 +4 9.0 10.0 10.0 8.0 8.0 10.0 10.0 9.0 9.25 0.89
500 25 +2 9.0 9.0 10.0 7.0 8.0 10.0 10.0 8.0 8.88 1.13
500 6 +2 10.0 10.0 10.0 7.0 8.0 10.0 10.0 6.0 8.88 1.64
500 3 +4 8.0 9.0 10.0 9.0 9.0 8.0 10.0 8.0 8.88 0.83
250 25 +2 10.0 9.0 9.0 6.0 9.0 — 10.0 7.0 8.57 1.51
250 6 +2 9.0 10.0 10.0 7.0 9.0 10.0 10.0 9.0 9.25 1.04
10#51 '
PINK NOISE
f0 Q lDol SI S2 S3 S4 S5 S6 S7 S9 ASR SD
125 6 +2 10.0 8.0 10.0 7.0 8.0 10.0 10.0 7.0 8.75 1.39
125 3 +2 9.0 10.0 10.0 8.0 9.0 10.0 10.0 8.0 9.25 0.89
4000 25 +2 10.0 10.0 10.0 9.0 9.0 10.0 10.0 9.0 9.65 0.52
4000 6 +2 10.0 10.0 10.0 10.0 9.0 10.0 10.0 8.0 9.65 0.74
4000 3 +4 10.0 10.0 10.0 10.0 9.0 10.0 10.0 9.0 9.75 0.46
4000 3 +2 10.0 10.0 10.0 10.0 9.0 10.0 10.0 10.0 9.88 0.55
2000 12 +2 9.0 10.0 10.0 9.0 9.0 10.0 10.0 10.0 9.65' 0.52
2000 3 +2 10.0 10.0 10.0 10.0 9.5 - 10.0 9.5 9.86 0.24
1000 6 +2 10.0 10.0 10.0 9.0 10.0 10.0 10.0 7.0 9.50 1.07
1000 3 +2 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.00 0.00
500 12 +2 10.0 10.0 10.0 10.0 10.0 10.0 10.0 7.0 9.65 1.06
500 3 +2 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.00 0.00
250 3 +2 10.0 10.0 o • o 8.0 00 • o 10.0 10.0 10.0 9.50 0.93
Average Subjective Zero = 0.54 — 1 SPEECH
F Q Pol SI S2 S5 S4 S5 S6 S7 S9 Av SD
4000 100 +16 1.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.25 0.46
4000 100 +9 0.0 0.0 0.0 0.0 1.0 1.0 0.0 0.0 0.25 0.46
4000 50 +16 •0.0 1.0 0.0 0.0 0.0 0.0 0.5 1.0 0.51 0.46
4000 50 +12 0.0 1.0 0.0 0.0 1.0 0.0 0.0 0.0 0.25 0.46
4000 50 +9 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.12 0.55
4000 25 +16 1.0 0.0 0.0 0.0 1.0 0.0 1.0 0.0 0.58 0.52
4000 25 +9 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.25 0.46
4000 12 +16- 0.0 0.0 0.0 0.0 0.0 0.0 1.5 0.0 0.19 0.53
4000 12 +12 1.0 0.0 0.0 0.0 1.0 0.0 1.0 0.0 0.58 0.52
2000 25 +9 0.0 0.0 0.0 0.0 1.0 —  ’ 0.0 1.0 0.29 0.49
2000 12 +16 0.5 0.0 0.0 0.5 1.0 — 0.5 0.5 0.45 0.35
1000 12 +16 1.0 0.0 0.0 1.0 0.0 0.0 0.0 1.0 0.58 0.52
1000 NC 0.0 0.0 0.0 0.0 1.0 0.0 0.0 1.0 0.25 0.46
1000 NC 1.0 0.0 2.0 0.0 0.0 0.0 0.0 0.0 0.58 0.74
500 NC 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.12 0.55
250 NC 1.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.25 0.46
250 NCt 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.12 0.55
125 NC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.00
125 NC 1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.25 0.46
63 12 +12 1.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.25 0.46
63 6 +16 0.0 0.0 0.0 0.0 1.0 0.0 1.0 0.0 0.25 0.46
65 6 +9 0.0 0.0- 0.0 0.0 0.0 0.0 2.0 1.0 0.58 0.74
65 NC 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.12 0.55
65 NC 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 0.58 0.52
10.52 -
SPEECH
fo Q W SI S2 S3 S4 S5 S6 S7 S9 ASR SD
4000 200 +12 0.0 1.0 2.0 0.0 0.0 0*0 1.0 1.0 0.62 0.74
4000 200 +9 8.0 1.0 0.0 0.0 0.0 0.0 0.0 2.0 1.38 2.77
4000 200 +6 0.0 2.0 4.0 0.0 1.0 2.0 0.0 1.0 1.25 1.39
4000 200 +4 6.0 5.0 0.0 0.0 0.0 0.0 0*0 0.0 1.38 2.56
4000 100 +12 1.0 1.0 1.0 0.0 1.0 0.0 1.0 0*0 0.62 0.52
4000 100 +6 1.0 2.0 3.0 0.0 1.0 0.0 0*0 0.0 0.87 1.13
4000 50 +6 1.0 0.0 0.0 1.0 1.0 1.0 4.0 0.0 1.00 1.31
4000 25 +12 1.0 0.0 0.0 2.0 1.0 0.0 0.0 0.0 0.50. 0.76
4000 25 +6 2.0 0.0 0.0 2.0 0.0 2.0 0.0 0*0 0.75 1.04
4000 12 +9 1.0 0.0 0.0 1.0 0.0 1.0 1.0 0.0 0.50 0.53
4000 12 +6 2.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0 0.50 0.76
4000 6 +12 1.0 1.0 0.0 2.0 1.0 1.0 2.0 3.0 1.38 0.92
4000 6 +9 2.0 1.0 0.0 0.0 1.0 0.0 1.5 0.0 0.69 0.80
4000 6 +6 0.0 1.0 0.0 0.0 2.0 1.0 2.0 1.0 0.87 0.83
4000 NC 0.0 0.0 0.0 2.0 2.0 0.0 1.0 0.0 0.62 0.92
4000 NC 0.0 0.0 Q.0 0.0 1.0 2.0 3.0 0.0 0.75 1.16
4000 NC 0.0 0.0 0.0 0.0 0.0 2.0 2.0 1.0 0.62 0.92
2000 50 +9 2.0 0.0 0.5 0.5 1.0 — 0.5 0.5 0.71 0.64
2000 25 +16 1.0 0.0 0.0 0.0 1.0 — 0.0 1.5 0.50 0.65
2000 25 +12 2.0 0.0 o-.o 2.0 0.0 0.0 1.0 0.0 0.62 0.92
2000 12 +12 0.0 0.0 2.0 0.0 2.0 1.0 0.0 0.0 0.62 0.92
2000 12 +9 0.0 1.0 0.0 0.0 3.0 0.0 0.0 0.0 0.50 1.07
2000 6 +16 0.0 0.0 1.0 1.0 0.0 2.0 5.0 0.0 1*13 1.73
2000 6 +12 2.0 0.0 1.0 0.0 1.0 1.5 2.0 1.07 0.84
2000 6 +9 1.0 1.0 0.0 0.0 1.0 — 1.0 0.5 0.64 0.48
2000 6 +6 0.0 0.0 1.0 0.0 1.0 0.0 4.0 0.0 0.75 1.39
2000 NC 2.0 0.0 0.0 0.0 2.0 2.0 4.0 1.0 1.38 1.41
2000 . NC 0.0 0.0 0.0 0.0 0.0 1.0 2.0 3.0 0.75 1.16
2000 NC 0.0 0.0 3.0 0.0 1.0 0.0 0*0 2.0 0.75 1.16
1000 12 +12 3.0 0.0 1.0 0.0 1.0 1.0 0.0 0.0 0.75 1.04
1000 12 +9 0.0 1.0 2.0 4.0 0.0 1.0 1.0 0.0 1*13 1.36
1000 12 +6 0.0 1.0 1.0 0.0 0.0 2.0 7.0 0.0 1.38 2.39
1000 6 +12 2.0 0.0 2.0 0.0 3.0 0.0 4.0 0.0 1.38 1.60
1000 NC 0.0 0.0 0.0 0.0 0.0 2.0 2.0 0.0 0.50 0.93
500 NC 0.0 0.0 2.0 1.0 0.0 1.0 0.0 2.0 0.75 0.89
500 NC 1.0 0.0 0.0 1.0 1.0 4.0 2.0 0.0 1*13 1.36
250 3 +6 4.0 1.0 0.0 1.0 0.0 1.0 2.0 2.0 1.38 1.30
250 NC 0.0 0.0 0.0 0.0 3*0 1.0 4.0 0.0 1.00 1.60
125 3 +6 0.0 0.0 0.0 0.0 2.0 0.0 4.0 0.0 0.75 1.49
125 NC 3.0 0.0 0.0 0.0 0.0 0.0 2.0 0.0 0.62 1.19
63 25 +2 2.0 0.0 0.0 0.0 0.0 0.0 2.0 1.0 0.62 0.92
63 12 +16 2.0 0.0 0.0 0.0 3.0 0.0 0.0 1.0 0.75 1.16
63 12 +2 3.0 0.0 0.0 1.0 0.0 2.0 3*0 0.0 1*13 1.36
63 6 +6 2.0 0.0 0.0 0.0 1.0 0.0 5.0 0.0 1.00 1.77
63 3 +16 1.0 0.0 0.0 0.0 2.0 0.0 3.0 1.0 0.87 1.13
63 3 +12 0.0 0.0 0.0 0.0 2.0 4.0 0.0 0.0 0.75 1.49
63 3 +6 4.0- 0.0- 0.0 0.0 0.0 3*0 0.0 0.0 0.87 1.64
4000 200 +16 4.0 3*0 2.0 0.0 0.0 1.0 4.0 1.0 1.88 1.64
4000 100 +4 6.0 4.0 1.0 1.0 0.0 0.0 2.0 1.0 1.88 2.10
10.33
SPEECH
f0 Q Pol
SI S2 S3 S4 S5 S6 S7 S9 ASR SD
4000 50 +4 6.0 1.0 7.0 0.0 0.0 1.0 0.5 4.0 2.44 2.82
4000 6 +16 2.0 0.0 1.0 2.0 2.0 3.0 2.0 1.0 1.65 0.92
4000 3 +12 4.0 2.0 2.0 0.0 0.0 2.0 2.5 0.0 1.56 1.45
2000 25 +6 4.0 4.0 0.0 0.0 0.0 3.0 5.0 1.0 2.13 2.10
2000 12 +6 3.0 0.0 2.0 2.0 1.0 0.0 1.0 7.0 2.00 2.27
2000 3 +6 3.0 1.5 0.5 1.0 2.0 — 1.0 4.0 1.86 1.25
1000 25 +16 3.0 5.0 3.0 0.0 1.0 3.0 0.0 1.0 2.00 . 1.77
1000 25 +12 0.0 7.0 2.0 1.0 0.0 3.0 3.0 1.0 2.15 2.50
1000 6 +16 4.0 1.0 0.0 0.0 1.0 2.0 2.0 2.0 1.50 1.31
1000 6 +9 1.0 2.0 0.0 2.0 0.0 2.0 2.0 5.0 1.75 1.58
1000 6 +6 2.0 3.0 1.0 1.0 1.0 2.0 1.0 1.0 1.50 0.76
500 12 +16 2.0 0.0 2.0 1.0 4.0 2.0 5.0 0.0 2.00 1.77
500 6 +16 4.0 1.0 1.0 1.0 3.0 2.0 3.0 3.0 2.25 1.16
500 6 +12 1.0 2.0 3.0 2.0 2.0 0.0 4.0 0.0 1.75 1.39
500 6 +6 5.0 2.0 2.0 2.0 1.0 1.0 0.0 2.0 1.88 1.46
250 6 +9 5.0 0.0 2.0 1.0 1.0 3.0 5.0 0.0 2.15 2.03
250 6 +6 5.0 2.0 1.0 2.0 2.0 2.0 2.0 0.0 2.00 1.41
125 6 +16 9.0 0.0 0.0 0.0 3.0 1.0 5.0 0.0 2.25 3.28
125 3 +9 5.0 0.0 0.0 0.0 2.0 3.0 5.0 4.0 2.58 2.20
63 6 +2 3.0 0.0 0.0 2.0 4.0 2.0 6.0 1.0 2.25 2.05
63 3 +4 3.0 0.0 0.0 0.0 2.0 2.0 4.0 1.0 1.50 1.51
4000 12 +4 6*0 4.0 6.0 2.0 1.0 0.0 2.0 1.0 2.75 2.51
4000 6 +4 4.0 4.0 2.0 3.0 1.0 3.0 5.0 1.0 2.88 1.46
4000 3 +16 3.0 2.0 3.0 3.0 2.0 3.0 4.0 1.0 2.65 0.92
4000 3 +9 4.0 2.0 1.0 1.0 2.0 2.0 5.0 3.0 2.50 1.41
2000 50 +16 1.0 1.0 4.0 1.0 3.0 1.0 7.0 9.0 3.37 3.11
2000 6 +4 1.0 5.0 2.0 3.0 3.0 3.0 5.0 0.0 2.75 1.75
2000 3 +16 1.0 4.0 3.0 1.0 4.0 3.0 4.0 3.0 2.88 1.25
2000 3 +12 3.0 2.0 3.0 1.0 1.0 — 4.5 4.5 2.71 1.47
2000 3 +9 4.0 3.0 2.0 2.0 2.0 3.0 9.0 0.0 3.13 2.64
1000 25 +9 1.0 4.0 3.0 4.0 3.0 2.0 2.0 1.0 2.50 1.20
1000 6 +4 3.0 6.0 3.0 2.0 1.0 5.0 0.0 5.0 3.13 2.10
1000 3 +6 3.0 5.0 1.0 1.0 5.0 1.0 7.0 4.0 3.37 2.26
500 12 +12 3.0 6.0 2.0 0.0 3.0 2.0 4.0 1.0 2.65 1.85
500 12 +6 6.0 4.0 1.0 3.0 2.0 2.0 6.0 1.0 3.13 2.03
500 6 +9 4.0 3.0 1.0 2.0 4.0 2.0 3.0 1.0 2.50 1.20
250 6 +12 9.0 0.0 1.0 1.0 5.0 2.0 7.0 0.0 3.13 3.44
125 6 +12 4.0 4.0 1.0 2.0 4.0 1.0 8.0 2.0 3.25 2.31
125 3 +16 5.0 3.0 0.0 0.0 4.0 - 4.0 4.0 2.86 2.04
2000 50 +12 5.0 6.0 8.0 0.0 2.0 3.0 1.0 5.0 3.75 2.71
2000 12 +4 4.0 2.0 2.0 4.0 .5-0 2.0 7.0 6.0 3.75 1.91
1000 50 +12 4.0 7.0 3.0 4.0 1.0 4.0 7.0 2.0 4.00 2.14
1000 25 +6 6.0 8.0 4.0 4.0 2.0 2.0 1.0 1.0 3.50 2.51
1000 3 +16 6.0 5.0 8.0 1.0 2.0 3.0 5.0 1.0 3.87 2.53
1000 3 +9 3.0 6.0 1.0 4.0 4.0 3.0 4.0 4.0 3.65 1.41
10.34
SPEECH
f0 Q PJ SI S2 S3 . 3 4 S5 S6 S7 S9 ASR SD
500 12 +9 3.0 5.0 4.0 2.0 4.0 3.0 8.0 0.0 3.63 2.33
500 6 +4 5.0 7.0 0.0 3.0 4.0 6.0 9.0 0.0 4.25 3.20
250 6 +16 7.0 0.0 0.0 4.0 6.0 7.0 8.0 1.0 4.13 3.36
250 3 +9 7.0 3.0 1.0 2.0 7.0 - 8.0 2.0 4.29 2.93
125 6 +9 7.0 7.0 2.0 2.0 2.0 2.0 7.0 0.0 3.63 2.88
125 6 +6 7.0 1.0 0.0 5.0 3.0 3.0 10.0 0.0 3.63 3.54
125 3 +12 5.0 3.0 3.0 3.0 4.0 4.0 8.0 3.0 4.13 .1.73
125 3 +4 6.0 3.0 1.0 1.0 3.0 5.0 7.0 2.0 3.50 2.27
4000 3 +6 7.0 4.0 6.0 5.0 2.0 3.0 10.0 2.0 4.88 2.75
2000 100 +16 5.0 7.0 9.0 5.0 2.0 5.0 0.0 6.0 4.88 2.80
1000 50 +16 7.0 8.0 5.0 3.0 6.0 8.0 2.0 0.0 4.88 2.95
1000 12 +4 7.0 5.0 5.0 4.0 3.0 4.0 5.0 6.0 4.88 1.25
1000 3 +12 5.0 3.0 8.0 4.0 1.0 3.0 7.0 5.0 4.50 2.27
500 12 +4 5.0 8.0 4.0 4.0 3.0 6.0 10.0 2.0 5.25 2.66
500 3 +6 4.0 5.0 5.0 6.0 6.0 3.0 6.0 3.0 4.75 1.28
250 6 +4 7.0 3.0 4.0 2.0 5.0 4.0 9.0 3.0 4.63 2.33
250 3 +12 6.0 3.0 4.0 3.0 6.0 5.0 5.0 5.0 4.63 1.19
65 3 +2 6.0 4.0 2.0 5.0 4.0 8.0 9.0 4.0 5.25 2.31
4000 12 +2 9.0 7.0 4.0 9.0 4.0 8.0 6.0 4.0 6.38 2.20
2000 100 +12 7.0 6.0 5.0 6.0 4.0 8.0 4.0 7.0 5.88 1.46
2000 50 +6 6.0 8.0 5.0 5.0 2.0 2.0 10.0 6.0 5.50 2.73
2000 3 +4 4.0 4.0 10.0 5.0 3.0 7.0 9.0 3.0 5.63 2.72
1000 50 +6 5.0 7.0 10.0 4.0 0.0 9.0 10.0 6.0 6.38 3.42
500 25 +16 5.0 8.0 8.0 4.0 5.0 9.0 9.0 2.0 6.25 2.60
500 25 +12 5.0 6.0 5.0 5.0 6.0 7.0 8.0 2.0 5.50 1.77
500 3 +16 5.0 6.0 8.0 5.0. 5.0 5.0 9.0 4.0 5.88 1.73
500 3 +12 5.0 5.0 8.0 7.0 6.0 5.0 6.0 3.0 5.63 1.51
500 3 +9 6.0 7.0 7.0 2.0 4.0 6.0 9.0 3.0 5.50 2.33
500 3 +4 6.0 7.0 7.0 5.0 7.0 4.0 9.0 6.0 6.38 1.51
250 3 +16 6.0 7.0 8.0 3.0 4.0 4.0 8.0 4.0 5.50 2.00
250 3 +4 6.0 6.0 7.0 3.0 4.0 10.0 7.0 4.0 5.88 2.23
125 12 +16 7.0 8.0 3.0 3.0 6.0 5.0 9.0 5.0 5.75 2.19
125 6 +4 7.0 7.0 6.0 5.0 3.0 5.0 8.0 4.0 5.63 1.69
4000 100 +2 10.0 8.0 10.0 6.0 4.0 8.0 4.0 9.0 7.38 2.45
4000 25 +2 9.0 7.0 8.0 6.0 4.0 9.0 10.0 5.0 7.25 2.12
4000 3 +4 9.0 5.0 9.0 8.0 6.0 4.0 10.0 6.0 7.13 2.17
2000 200 +12 8.0 8.0 9.0 5.0 5.0 10.0 10.0 0.0 6.88 3.40
2000 50 +4 7.0 8.0 8.0 7.0 7.0 4.0 9.0 7.0 7.13 1.46
2000 12 +2 6.0 8.0 8.0 7 * 5 4.5 - 8.0 6.0 6.86 1.38
1000 50 +9 7.0 8.0 9.0 6.0 6.0 10.0 4.0 7.0 7.13 1.89
500 25 +6 6.0 9.0 6.0 6.0 7.0 10.0 10.0 3.0 7.13 2.42
250. 12 +12 5.0 7.0 7.0 8.0 5.0 9.0 9.0 6.0 7.00 1.60
10.55
SPEECH
f0 Q PJ SI S2 S3 S4 S5 S6 S7 S9 ASR SD
250 12 +9 10.0 6.0 7.0 6.0 4.0 9.0 10.0 2.0 6.75 2.87
125 12 +12 7.0 7.0 8.0 5.0 6.0 8.0 10.0 6.0 7.13 1.55
125 12 +9 9.0 8.0 4.0 8.0 6.0 7.0 10.0 6.0 7.25 1.91
125 12 +6 8.0 8.0 2.0 9.0 7.0 10.0 10.0 5.0 7.38 2.72
2000 200 +16 7.0 6.0 10.0 8.0 6.0 10.0 10.0 10.0 8.38 1.85
2000 200 +4 8.5 8.5 10.0 8.5 7.5 — 10.0 6.0 8.43 1.40
2000 100 +9 7.0 8.0 8.0 6.0 3.0 10.0 10.0 8.0 7.50' 2.27
2000 100 +6 5.0 7.0 8.0 8.0 6.0 7.0 10.0 9.0 7.50 1.60
2000 25 +2 6.0 8.0 6.0 10.0 6.0 7.0 10.0 8.0 7.63 1.69
2000 6 +2 7.0 9.0 10.0 6.0 5.0 10.0 10.0 8.0 8.13 1.96
1000 200 +16 8.0 8.0 10.0 6.0 9.0 10.0 10.0 5.0 8.25 1.91
1000 100 +16 9.0 7.0 8.0 8.0 8.0 9.0 10.0 6.0 8.13 1.25
1000 100 +9 7.0 8.0 10.0 7.0 3.0 10.0 10.0 8.0 7.88 2.36
1000 3 +4 6.0 9.0 10.0 6.0 6.0 10.0 9.0 6.0 7.75 1.91
500 50 +16 8.0 8.0 6.0 7.0 8.0 10.0 10.0 6.0 7.88 1.55
500 25 +9 8.0 8.0 9.0 6.0 8.0 10.0 10.0 3.0 7.75 2.31
250 25 +16 7.0 ‘8.0 9.0 8.0 6.0 10.0 10.0 7.0 8.13 1.46
250 25 +9 8.0 8.0 10.0 7.0 6.0 10.0 10.0 7.0 8.25 1.58
250 12 +16 8.0 10.0 9.0 8.0 7.0 10.0 10.0 5.0 8.38 1.77
250 12 +4 8.0 8.0 8.0 8.0 7.0 9.0 10.0 5.0 7.88 1.46
250 6 +2 8.0 10.0 3.0 8.0 6.0 10.0 10.0 7.0 7.75 2.43
125 100 +16 9.0 9.0 9.0 7.0 7.0 — 10.0 8.0 8.43 1.13
125 25 +16 8.0 8.0 9.0 6.0 7.0 10.0 10.0 8.0 8.25 1.39
125 25 +12 8.0 8.0 10.0 6.0 9.0 10.0 10.0 6.0 8.38 1.69
125 25 +9 10.0 7.0 10.0 8.0 6.0 10.0 10.0 6.0 8.38 1.85
125 6 +2 7.0 7.0 10.0 9.0 9.0 — 10.0 7.0 8.43 1.40
4000 6 +2 7.0 7.0 O * o 9.0 7.0 10.0 10.0 9.0 8.63 1.41
2000 200 +9 7.0 8.0 9.0 7.0 8.0 10.0 10.0 10.0 8.63 1.30
2000 200 +6 10.0 8.0 10.0 8.0 8.0 10.0 10.0 10.0 9.25 1.04
2000 100 +4 7.0 8.0 10.0 8.0 5.0 10.0 10.0 10.0 8.50 1.85
2000 3 +2 9.5 9.0 9.5 10.0 9.0 - 10.0 8.5 9.36 0.56
1000 200 +12 8.0 8.0 10.0 7.0 8.0 10.0 10.0 8.0 8.63 1.19
1000 200 +9 8.0 9.0 9.0 7.0 9.0 10.0 10.0 6.0 8.50 1.41
1000 200 +6 9.0 9.0 10.0 9.0 7.0 10.0 10.0 10.0 9.25 1.04
1000 100 +12 6.0 9.0 10.0 8.0 7.0 10.0 10.0 9.0 8.63 1.51
1000 100 +6 9.0 9.0 10.0 7.0 . 8.0 10.0 10.0 9.0 9.00 1.07
1000 100 +4 10.0 9.0 10.0 8.0 9.0 10.0 10.0 8.0 9.25 0.89
1000 50 +4 10.0 9.0 10.0 9.0 8.0 10.0 10.0 9.0 9.38 0.74
1000 25- +2 7.0 9.0 9.0 9.0 7.0 10.0 10.0 10.0 8.88 1.25
1000 12 +2 6.0 10.0 10.0 8.0 8.0 10.0 10.0 8.0 8.75 1.49
1000 6 +2 8.0 6.0 9.0 9.0 7.0 10.0 9*0 10.0 8.50 1.41
500 200 +T2 9.0 9.0 9.0 7.0 9.0 10.0 10.0 9.0 9.00 0.93
500 200 +9 9.0 9.0 10.0 10.0 8.0 10.0 10.0 9.0 9.38 0.74
500 100 +16 7.0 9.0 8.0 9.0 8.0 10.0 10.0 8.0 8.63 1.06
500 100 +12 9.0 9.0 10.0 9.0 7.0 10.0 10.0 9.0 9.13 0.99
500 100 +9 9.0 9.0 10.0 10.0 8.0 10.0 10.0 6.0 9.00 1.41
500 50 +12 7.0 10.0 7.0 9.0 9.0 10.0 10.0 7.0 8.63 1.41
SPEECH
f0 Q Pol SI S2 S3 S4 S5 S6 S7 S9 ASR
500 50 +9 9.0 9.0 9.0 7.0 9.0 10.0 10.0 6.0 8.63
500 50 +6 8.0 8.0 10.0 10.0 8.0 10.0 10.0 9.0 9.13
500 12 +2 7.0 9.0 10.0 10.0 9.0 10.0 10.0 8.0 9.13
500 6 +2 8.0 9.0 9.0 8.0 7.0 10.0 10.0 8.0 8.63
250 200 +9 10.0 10.0 10.0 8.0 8.0 — 10.0 9.0 9.29
250 50 +16 10.0 8.0 10.0 10.0 8.0 10.0 10.0 8.0 9.25
250 50 +12 9.0 9.0 10.0 9.0 8.0 — 10.0 10.0 9.29
250 50 +9 9.0 9.0 10.0 8.0 8.0 — 10.0 10.0 9.14'
250 50 +6 9.0 9.0 10.0 10.0 7.0 10.0 10.0 10.0 9.38
250 25 +12 8.0 8.0 10.0 8.0 7.0 10.0 10.0 7.0 8.50
250 25 +6 9.0 9.0 10.0 9.0 7.0 10.0 10.0 9.0 9.13
250 12 +6 10.0 9.0 8.0 8.0 9.0 10.0 9.0 6.0 8.63
250 12 +2- 7.0 9.0 10.0 10.0 6.0 10.0 10.0 7.0 8.63
250 3 +2 9.0 10.0 10.0 9.0 9.0 - 10.0 8.0 9.29
125 100 +12 10.0 8.0 . 9.0 ,7.0 7.0 9.0 10.0 8.0 8.50
125 100 +9 8.0 8.0 9.0 9.0 8.0 10.0 10.0 9.0 8.88
125 100 +6 10.0 9.0 -10.0 10.0 6.0 10.0 10.0 9.0 9.25
125 100 +4 10.0 9.0 10.0 8.0 8.0 10.0 10.0 10.0 9.38
125 50 +16 10.0 8.0 10.0 9.0 7.0 10.0 10.0 8.0 9.00
125 50 +12 9.0 8.0 10.0 7.0 7.0 10.0 10.0 8.0 8.63
125 50 +9 8.0 8.0 9.0 8.0 8.0 10.0 10.0 7.0 8.50
125 50 +6 9.0 9.0 9.0 9.0 6.0 10.0 10.0 8.0 8.75
125 25 +6 9.0 9.0 9.0 8.0 7.0 10.0 10.0 1.0 8.63
125 12 +4 9.0 9.0 9.0 9.0 10.0 10.0 10.0 7.0 9.13
125 3 +2 9.0 7.0 10.0 10.0 9.0 10.0 10.0 6.0 8.88
4000 3 +2 10.0 10.0 10.0 10.0 9.0 10.0 10.0 10.0 9.88
2000 100 +2 9 . 0 9 .0 1 0 .0 1 0 . 0 9 .0 1 0 .0 1 0 .0 1 0 . 0 9 .6 3
1000 200 +4 10.0 9.0 10.0 8.0 10.0 10.0 10.0 9.0 9.50
1000 100 +2 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.00
1000 3 +2 9.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 9.88
500 200 +16 10.0 10.0 10.0 9.0 9.0 10.0 10.0 9.0 9.63
500 200 +6 9.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 9.88
500 200 +4 8.0 10.0 10.0 9.0 10.0 10.0 10.0 10.0 9.63
500 100 +6 10.0 9.0 10.0 9.0 9.0 10.0 10.0 9.0 9.50
500 100 +4 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.00
500 100 +2 10.0 10.0 10.0 10.0 9.0 10.0 10.0 10.0 9-88
500 50 +4 10.0 9.0 10.0 10.0 9.0 10.0 10.0 9.0 9.63
500 25 +2 9.0 10.0 10.0 10.0 9.0 10.0 10.0 10.0 9.75
500 3 +2 8.0 10.0 10.0 10.0 9.0 10.0 10.0 10.0 9.63
250 200 +16 10.0 10.0 10.0 9.0 8.0 10.0 10.0 9.0 9.50
250 200 +12 10.0 10.0 10.0 10.0 8.0 10.0 10.0 10.0 9.75
250 200 +6 10.0 10.0 10.0 10.0 9.0 10.0 10.0 10.0 9.88
250 200 +4 10.0 10.0 10.0 10.0 9.0 10.0 10.0 10.0 9.88
250 100 +16 10.0 9.0 10.0 10.0 8.0 10.0 10.0 9.0 9*50
250 100 +12 10.0 9.0 10.0 10.0 10.0 10.0 10.0 10.0 9.88
250 100 +9 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.00
250 100 +6 10.0 10.0 10.0 10.0 8.0 10.0 10.0 8.0 9.50
250 100 +4 10.0 10.0 10.0 10.0 9.0 10.0 10.0 10.0 9.88
250 100 +2 10.0 10.0 10.0 10.0 9.0 10.0 10.0 10.0 9.88
SD
1.41
0.99
1.13
1.06
0.95
1.04
0.76
0.90
1.06
1.31
0.99
1.30 
1.69 
0.76
1.20
0.83
1.39
0.92
1.20
1.30 
1.07 
1.28 
1.19 
0.99 
1.55
0.35
0.52
0.76
0.00
0.35
0.52
0.35
0.74
0.53
0.00
0.35
0.52
0.46
0.74
0.76
0.71
0.35
0.35
0.76
0.35
0.00
0.93
0.35
0.35
10.37
SPEECH
f0 Q PJ SI S2 S3 S4 S5 S6 S7 S9 ASR SD
250 50 +4 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.00 0.00
250 25 +2 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.00 0.00
125 100 +2 10.0 10.0 10.0 10.0 7.0 10.0 10.0 10.0 9.63 1.06
125 50 +4 10.0 10.0 10.0 10.0 8.0 — 10.0 10.0 9.71 0.76
125 50 +2 10.0 10.0 10.0 10.0 10.0 o « o 10.0 10.0 10.00 0.00
125 25 +4 10.0 10.0 10.0 10.0 9.0 — 10.0 10.0 9.86 0.38
125 25 +2 10.0 9.0 10.0 10.0 10.0 10.0 10.0 10.0 9.88 0.35
125 12 +2 10.0 10.0 10.0 10.0 9.0 10.0 10.0 7.0 9.50' 1.07
Average Subjective Zero = 0 . 5 6 — 1 MUSIC
F Q W SI S2 , S 3 - S4 S5 S6 S7 S9 Av SD
4000 200 +16 0.0 0.0 0.0 0.0 0.0 1.0 2.0 0.0 0.38 0.74
4000 100 +16 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.00
4000 100 +6 0.0 0.0 0.0 0.0 0.0 0.0 2.5 1.0 0.44 0.90
4000 100 +4 1.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 0.38 0.52
4000 50 +16 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.00
4000 50 +12 0.0 0. 0. 1.0 0.0 0.0 0.0 0.0 0.0 0.12 0.35
4000 50 +9 0.0 0.0 0.0 0.0 1.0 0.0 1.0 0.0 0.25 0.46
4000 25 +12 1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.25 0.46
4000 12 +9 0.0 0.0 0.0 0.0 0.0 0.0 2.0 1.0 0.38 0.74
4000, NC 0.0 0.0 0.0 1.0 1.0 0.0 0.0 1.0 0.38 0.52
2000 100 +16 1.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.38 0.74
2000 50 +12 0.0 1.0 0.0 1.0 0.0 0.0 0.0 1.0 0.38 0.52
2000 25 +12 1.0 0.0 2.0 0.0 0.0 0.0 0.0 0.0 0.38 0.74
2000 12 +9 0.0 1.0 0.0 0.0 0.0 0.0 1.0 0.0 0.25 0.46
2000 12 +6 1.0 0.0- 1.0 0.0 1.0 0.0 0.0 0.0 0.38 0.52
1000 100 +16 0.0 1.0 1.0 1.0 0.0 0.0 0.0 0.0 0.38 0.52
1000 100 +6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.12 0.35
1000 50 +6 0.0 0.0 1.0 0.0 0.0 1.0 1.0 0.0 0.38 0.52
1000 25 +9 0.0 0.0 1.0 1.0 0.0 0.0 0.0 0.0 0.25 0.46
1000 12 +12 1.0 0.0 1.0 1.0 0.0 0.0 0.0 0.0 0.38 0.52
1000 NC 1.0 0.0 0.0 0.0 1.0 0.0 1.0 0.0 0.38 0.52
1000 NC 1.0 0.0 1.0 0.0 0.0 1.0 0.0 0.0 0.38 0.52
500 12 +12 2.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.38 0.74
500 12 +6 1.0 0.0 1.0 1.0 0.0 0.0 0.0 0.0 0.38 0.52
500 6 +16 1.0 0.0 0.0 0.0 2.0 0.0 0.0 0.0 0.38 0.74
500 6 +9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.00
500 NC 1.0 0.0 0.0 1.0 0.0 0.0 1.0 0.0 0.38 0.52
250 12 +12 1.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.25 0.44
250 12 +9 2.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.38 0.74
250 NC 1.0 0.0 0.0 1.0 0.0 0.0 0.0 1.0 0.38 0.52
250 NC 0.0 1.0 0.0 1.0 0.0 0.0 0.0 0.29 0.49
125 6 +16 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.12 0.35
125 6 +9 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.12 0.35
10.38
MUSIC
fo Q K\ SI S2 S3 S4
125 5 +6 0.0 0.0 0.0 0.0
125 5 +4 0.0 0.0 1.0 2.0
125 NC 0.0 0.0 0.0 2.0
63 12 +16 0.0 0.0 0.0 0.0
63 12 +9 0.0 1.0 0.0 0.0
63 6 +12 1.0 0.0 0.0 0.0
63 6 +6 0.0 0.0 5*0 0.0
63 5 +6 1.0 0.0 0.0 0.0
63 NC 2.0 0.0 0.0 0.0
4000 200 +9 . 1.0 0.0 2.0 0.0
4000 200 +6 0.0 0.0 2.0 0.0
4000 200 +4 0.0 0.0 .2.0 0.0
4000 100 +12 1.0 0.0 0.0 1.0
4000 100 +2 5,0 0.0 5.0 0.0
4000 50 +6 1.0 0.0 5*0 0.0
4000 50 +4 0.0 1.0 0.0 0.0
4000 25 +16 1.0 0.0 2.0 0.0
4000 25 +9 1.0 0.0 2.0 0.0
4000 25 +6 0.0 0.0 0.0 1.0
4000 25 +4 1.0 3.0- 5*0 1.0
4000 12 +16 0.0 0.0 0.0 2.0
4000 12 +12 2.0 0.0 0.0 0.0
4000 12 +6 0.0 0.0 2.0 0.0
4000 6 +12 4.0 0.0 0.0 0.0
4000 6 +9 5.0 0.0 1.0 0.0
4000 6 +6 5.0 0.0 1.0 1.0
4000 NC 1.0 0.0 1.0 0.0
4000 NC 2.0 0.0 0.0 1.0
2000 200 +9 1.0 0.0 0.0 1.0
2000 100 +12 1.0 1.0 1.0 0.0
2000 50 +16 350 0.0 2.0 0.0
2000 50 +9 1.5 0.0 0.5 0.5
2000 50 +6 5*0 1.0 0.0 1.0
2000 25 +16 2.0 1.0 1.0 0.0
2000 25 +9 0.0 5.0 1.0 0.0
2000 12 +12 1.0 0.0 1.0 0.0
2000 6 +12 2.0 3.0 0.0 1.0
2000 6 +9 3*0 5*0 0.0 0.0
2000 NC 1.0 0.0 1.0 1.0
2000 NC 1.0 2.0 2.0 0.0
2000 NC 0.0 0.0 2.0 0.0
1000 200 +16 0.0 0.0 2.0 1.0
1000 200 +9 0.0 2.0 6*0 0.0
1000- .100 +12 0.0 0.0 1.0 0.0
1000 50 +16 2.0 0.0 1.0 0.0
1000 50 +12 1.0 0.0 0.0 1.0
1000 50 +9 0.0 1.0- 0.0 1.0
1000 50 +4 1.0 0.0 5*0 0.0
1000 25 +16 2.0 1.0 1.0 1.0
1000 25 +12 2.0 0.0 4.0 0.0
1000 25 +6 1.0 5*0 0.0 1.0
S5 S6 S7 S9 ASR SD
0.0 0.0 0.0 0.0 0.00 0.00
0.0 0.0 0.0 0.0 0.38 0.74
0.0 0.0 0.0 0.0 0.25 0.71
0.0 1.0 0.0 0.0 0.12 0.35
0.0 0.0 0.0 0.0 0.12 0.35
0.0 0.0 0.0 0.0 0.12 0.35
0.0 0.0 0.0 0.0 0.38 1.06
0.0 1.0 1.0 0.0 0.38 0.52
0.0 0.0 0.0 0.0 0.25 0.71
0.0 0.0 1.0 0.0 0.50 0.76
2.0 0.0 2.0 0.0 0.75 1.04
4.0 0.0 0.0 2.0 1.00 1.51
0.0 0.0 1.0 1.0 0.50 0.53
0.0 0.0 0.0 0.0 0.75. 1.59
2.0 0.0 5.0 0.0 1.15 1.36
4.0 0.0 1.0 1.0 0.87 1.36
2.0 0.0 4.0 0.0 1.15 1.46
0.0 0.0 1.0 0.0 0.50 0.76
0.0 0.0 5.0 0.0 0.50 1.07
0.0 0.0 1.0 2.0 1.38 1.19
0.0 0.0 2.0 0.0 0.50 0.93
0.0 0.0 5.0 0.0 0.62 1.19
4.0 0.0 2.5 0.0 1.06 1.57
0.0 0.0 5.0 1.0 1.00 1.60
4.0 0.0 5*0 0.0 1.38 1.69
0.0 0.0 5*0 0.0 1.25 1.83
5.0 0.0 2.0 0.0 0.87 1.13
0.0 0.0 2.0 1.0 0.75 0.89
0.0 1.0 1.0 1.0 0.62 0.52
1.0 0.0 1.0 2.0 0.87 0.64
5*0 0.0 5.0 0.0 1.38 1.51
0.0 — 0.0 1.5 0.57 0.67
0.0 0.0 0.0 0.0 0.62 1.06
0.0 0.0 2.0 2.0 1.00 0.93
0.0 0.0 0.0 0.0 0.50 1.07
2.0 0.0 2.0 0.0 0.75 0.89
0.0 1.0 2.0 0.0 1.15 1.13
2.0 0.0 0.0 1.0 1.13 1.36
0.0 0.0 0.0 4.0 0.87 1.36
0.0 2.0 1.0 0.0 1.00 0.93
0.0 1.0 5*0 0.0 1.00 1.77
2.0 1.0 1.0 0.0 0.87 0.83
0.0 1.0 0.0 2.0 1.38 2.07
5*0 0.0 0.0 0.0 0.50 1.07
0.0 0.0 5*0 0.0 0.75 1.16
0.0 0.0 2.0 1.0 0.62 0.74
0.0 0.0 0.0 4.0 0.75 1.59
0.0 0.0 0.0 0.0 0.75 1.75
0.0 0.0 0.0 0.0 0.62 0.74
1.0 0.0 1.0 0.0 1.00 1.41
0.0 0.0 0.0 0.0 0.62 1.06
10.39
MUSIC
f0 Q K \ SI
S2 S3 S4 S5 S6 S7 S9 ASR SD
1000 12 +16 2*0 2.0 1.0 1.0 1.0 1.0 0.0 0.0 1.00 0.76
1000 12 +9 0*0 1.0 2.0 1.0 0.0 0.0 0.0 0.0 0.50 0.76
1000 12 +6 1.0 0.0 1.0 1.0 1.0 0.0 0.0 0.0 0.50 0.53
1000 6 +12 2.0 3*0 1.0 1.0 0.0 0.0 2.0 0.0 1.13 1.13
1000 6 +9 1*0 0.0 3.0 1.0 0.0 0.0 0.0 0.0 0.62 1.06
1000 6 +6 1.0 0.0 0.0 2.0 2.0 0.0 0.0 0.0 0.62 0.92
1000 NC 1*0 0.0 3*0 0.0 0.0 0.0 1.0 0.0 0.62 1.06
500 50 +12 7.0 0.0 0.0 0.0 1.0 1.0 1.0 0.0 1.25 ' 2.38
500 25 +16 5*0 0.0 1.0 1.0 0.0 0.0 0.0 1.0 0.75 1.04
500 25 +12 5*0 0.0 2.0 1.0 0.0 0.0 0.0 0.0 0.75 1.16
500 25 +9 1.0 0.0 1.0 1.0 1.0 0.0 1.0 0.0 0.62 0.52
500 25 +6 5*0 0.0 0.0 2.0 2.0 0.0 1.0 0.0 1.25 1.75
500 12 +16 4.0 0.0 2.0 1.0 1.0 0.0 1.0 0.0 1.13 1.36
500 12 +9 1.0 0.0 2.0 1.0 0.0 0.0 0.0 0.0 0.50 0.76
500 12 +4 4.0 0.0 0.0 1.0 0.0 3*0 2.0 0.0 1.25 1.58
500 6 +12 2.0 0.0 1.0 1.0 0.0 0.0 3*0 0.0 0.87 1.13
500 6 +6 0.0 0.0 2.0 2.0 1.0 0.0 1.0 0.0 0.75 0.89
500 NC 2.0 0.0 1.0 1.0 0.0 0.0 1.0 0.0 0.62 0.74
500 NC 1.0 0.0 1.0 1.0 0.0 0.0 2.0 0.0 0.62 0.74
250 25 +16 1.0 1.0 1.0 1.0 0.0 — 2.0 0.0 0.86 0.69
250- 25 +12 1.0 0.0 3.0 1.0 2.0 0.0 1.0 0.0 1.00 1.07
250 25 +9 5*0 2.0 0.0 1.0 2.0 — 1.0 0.0 1.29 1.11
250 12 +16 3*0 1.0 0.0 0.0 1.0 0.0 2.0 0.0 0.87 1.13
250 12 +6 5*0 0.0 3.0 1.0 0.0 2.0 1.0 1.0 1.38 1.19
250 6 +16 5.0 2.0 1.0 1.0 2.0 0.0 0.0 0.0 1.13 1.13
250 6 +12 2.0 1.0 1.0 1.0 0.0 0.0 0.0 0.0 0.62 0.74
250 6 +9 2.0 1.0 2.0 1.0 0.0 — 1.0 0.0 1.00 0.82
250 6 +6 1.0 0.0 0.0 1.0 2.0 2.0 1.0 1.0 1.00 0.76
250 5 +9 1.0 1.0 1.0 0.0 1.0 0.0 2.0 1.0 0.87 0.64
250 NC 5.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.50 1.07
125 25 +16 1.0 0.0 6.0 1.0 0.0 0.0 0.0 0.0 1.00 2.07
125 25 +12 5.0 1.0 0.0 1.0 0.0 0.0 1.0 0.0 0.75 1.04
125 25 +9 4.0 0.0 2.0 0.0 0.0 1.0 1.0 0.0 1.00 1.41
125 12 +16 0.0 0.0 6.0 1.0 1.0 — 0.0 1.0 1.29 2.14
125 12 +12 2.0 0.0 0.0 0.0 0.0 — 2.0 0.0 0.57 0.98
125 12 +9 2.0 0.0 1.0 1.0 0.0 0.0 1.0 0.0 0.62 0.74
125 12 +6 5.0 0.0 2.0 0.0 0.0 0.0 2.0 0.0 0.87 1.25
125 12 +4 3*0 0.0 2.0 0.0 0.0 0.0 0.0 1.0 0.75 1.16
125 6 +12 1.0 2.0 1.0 2.0 0.0 0.0 1.0 0.0 0.87 0.83
125 6 +6 2.0 0.0 1.0 1.0 0.0 0.0 0.0 0.0 0.50 0.76
125 6 +4 2.0 0.0 5.0 0.0 3.0 0.0 0.0 0.0 1.25 1.91
125 5 +16 2.0 2.0 3*0 1.0 0.0 - 1.0 0.0 1.29 1.11
125 5 +9 0.0 0.0 4.0 0.0 0.0 0.0 2.0 0.0 0.75 1.49
125 NC 3*0 0.0 1.0 0.0 0.0 0.0 1.0 0.0 0.62 1.06
125 NC 1.0 0.0 2.0 0.0 0.0 0.0 0.0 1.0 0.50 0.76
65 25 +16 1.0 0.0 0.0 0.0 0.0 3.0 0.0 0.0 0.50 1.07
65 25 +2 3*0 0.0 0.0 0.0 0.0 3.0 0.0 0.0 0.75 1.39
65 12 +4 3.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.50 1.07
65 12 +2 3.0 0.0 0.0 0.0 0.0 2.0 0.0 0.0 0.62 1.19
65 6 +4 2.0 1.0 0.0 0.0 0.0 3.0 2.0 0.0 1.00 1.20
65 5 +16 3.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.50 1.07
10*40
MUSIC
f0 Q lDol SI
S2 S3 S4 S5 S6 S7 S9 ASR SD
63 3 +9 1.0 0.0 0.0 0.0 2.0 1.0 0.0 0.0 0.50 0.76
63 3 +4 2.0 1.0 0.0 3.0 0.0 3.0 2.0 0.0 1.38 1.30
63 NC 1.0 1.0 0.0 0.0 2.0 0.0 0.0 0.0 0.50 0.76
2000 200 +16 1.0 0.0 0.0 1.0 0.0 0.0 0.0 10.0 1.50 3.46
2000 200 +6 4.5 0.5 1.5 0.5 1.5 — 2.0 1.5 1.71 1.35
2000 100 +6 0.0 5.0 2.0 1.0 0.0 0.0 2.0 4.0 1.75 1.91
2000 25 +6 2.0 4.0 1.0 0.0 1.0 0.0 2.0 4.0 1.75 1.58
2000 12 +16 2.0 3.0 1.0 3.0 0.0 0.0 0.0 9.0 2.25 ' 3.01
2000 6 +4 4.5 2.5 3.5 0.5 3.0 - 1.0 0.0 2.14 1.68
1000 25 +4 4.0 0.0 3.0 1.0 0.0 1.0 8.0 0.0 2.13 2.80
1000 12 +4 4.0 3.0 0.0 0.0 0.0 1.0 0.0 7.0 1.88 2.59
1000 6 +16 2.0 1.0 2.0 1.0 0.0 1.0 4.0 2.0 1.63 1.19
500 50 +16 8.0 0.0 2.0 1.0 0.0 0.0 2.0 0.0 1.63 2.72
500 6 +4 3.0 1.0 4.0 2.0 0.0 1.0 3.0 1.0 1.88 1.36
500 3 +6 1.0 1.0 1.0 0.0 1.0 0.0 2.0 6.0 1.50 1.93
250 25 +6 5.0 0.0 2.0 1.0 1.0 0.0 3.0 0.0 1.50 1.77
250 6 +4 3.0 2.0 6.0 1.0 1.0 1.0 1.0 0.0 1.88 1.89
250 3 +16 4.0 0.0 4.0 2.0 1.0 1.0 5.0 0.0 2.13 1.96
250 3 +12 2.0 5.0 2.0 1.0 2.0 0.0 2.0 1.0 1.88 1.46
250 ~ 3 +6 1.0 2.0 1.0 1.0 5.0 0.0 1.0 1.0 1.50 1.51
250 3 +4 2.0 5.0 1.0 0.0 2.0 1.0 5.0 0.0 2.00 2.00
125 50 +16 8.0 0.0 0.0 1.0 2.0 0.0 4.0 0.0 1.88 2.85
125 50 +12 7.0 1.0 1.0 2.0 0.0 0.0 7.0 0.0 2.25 3.01
125 25 +6 3.0 0.0 2.0 2.0 3.0 2.0 4.0 1.0 2.13 1.25
125 3 +12 1.0 3.0" 1.0 1.0 0.0 — 4.0 2.0 1.71 1.38
63 6 +2 4.0 1.0 0.0 2.0 2.0 3.0 3.0 0.0 1.88 1.46
4000 200 +2 4.0 5.0 9.0 2.0 0.0 2.0 1.0 0.0 2.88 3.04
4000 6 +16 5.0 3.0 1.0 1.0 5.0 0.0 9.0 2.0 3.25 2.96
2000 200 +4 10.0 1.0 5.0 0.0 0.0 0.0 2.0 5.0 2.88 3.56
2000 100 +4 6.0 3.5 3.5 0.5 0.0 — 6.0 1.5 3.00 2.45
2000 6 +16 4.0 5.0 2.0 0.0 1.0 2.0 6.0 2.0 2.75 2.05
2000 6 +6 3.0 7.0 4.0 1.0 0.0 0.0 3.0 3-0 2.63 2.33
1000 200 +6 6.0 0.0 9.0 0.0 1.0 4.0 2.0 0.0 2.75 3.33
1000 6 +4 8.0 3.0 6.0 1.0 1.0 4.0 3.0 1.0 3.37 2.56
1000 3 +9 4.0 4.0 2.0 3.0 3.0 4.0 1.0 1.0 2.75 1.28
500 50 +9 6.0 0.0 6.0 1.0 1.0 2.0 1.0 5.0 2.75 2.49
500 25 +4 7.0 4.0 6.0 2.0 0.0 3.0 2.0 1.0 3.13 2.42
500 3 +12 4.0 3.0 6.0 1.0 1.0 3.0 1.0 1.0 2.50 1.85
500 3 +9 2.0 2.0 3.0 3.0 2.0 3.0 8.0 1.0 3.00 2.14
250 50 +16 4.0 4.0 2.0 1.0 2.0 — 6.0 0.0 2.71 2.06
250 25 +4 4.0 4.0 7.0 4.0 2.0 — 0.0 2.0 3.29 2.21
250 12 +4 . 3.0 2.0 7.0 1.0 2.0 3.0 2.0 0.0 2.50 2.07
125 100 +12 9.0- 6.0- 5.0- 1.0 2.0 0.0 4.0 0.0 3.37 3.20
125 50 +9 8.0 0.0 6.0 1.0 3.0 0.0 4.0 1.0 2.88 2.95
4000 12 +4 6.0 6.0 5.0 1.0 5.0 2.0 1.0 5.0 3.87 2.17
10.41
MUSIC
fo Q PJ SI S2 S3 S4 S5 S6 S7 S9 ASR SD
4000 6 +4 5.0 7.0 3.0 2.0 6.0 2.0 8.0 2.0 4.38 2.45
2000 50 +4 8.0 8.0 3.0 1.0 0.0 3.0 2.0 9.0 4.25 3-54
2000 25 +4 5.0 5.0 6.0 1.0 1.0 1.0 6.0 6.0 3.87 2.42
2000 12 +4 6.0 5.0 6.0 1.0 0.0 4.0 4.0 6.0 4.00 2.33
2000 5 +16 6.0 5.0 6.5 2.0 3.0 - 3.5 1.0 3; 86 2.06
1000 200 +4 5.0 8.0 8.0 3.0 0.0 4.0 2.0 1.0 3.87 3.00
1000 5 +12 6.0 4.0 4.0 2.0 1.0 9.0 8.0 0.0 4.25. 3.24
500 50 +6 8.0 5.0 8.0 1.0 5.0 4.0 3.0 0.0 4.25 2.92
500 5 +4 4.0 2.0 8.0 3.0 3.0 1.0 10.0 4.0 4.38 3.07
250 50 +12 5.0 4.0 4.0 3.0 4.0 - 1.0 5.0 3.71 1.38
125 100 +16 8.0 5.0 2.0 2.0 6.0 — 7.0 0.0 4.29 2.98
125 50 +4 10.0 6.0 5.0 3.0 3.0 0.0 6.0 1.0 4.25 3.20
125 25 +4 5.0 8.0 6.0 0.0 7.0 1.0 6.0 0.0 4.13 3.27
125 3 +2 6.0 4.0 5.0 3.0 2.0 5.0 9.0 0.0 4.25 2.71
4000 5° +2 5.0 00
. 
% . 
. 
..
o 10.0 2.0 2.0 2.0 4.0 3.0 4.50 3.02
2000 5 +9 6.0 6.0 3.0 3.0 3.0 5.0 6.0 6.0 4.75 1.49
1000 3 +16 7.0 5.0 2.0 5.0 1.0 10.0 2.0 4.0 4.50 2.98
1000 5 +6 5.0 6.0 5.0 2.0 4.0 8.0 9.0 4.0 5.38 2.26
500 50 +4 7.0 5.0 10.0 4.0 0.0 2.0 10.0 0.0 4.75 4.03
500 5 +16 7.0 4.0 7.0 2.0 5.0 5.0 6.0 0.0 4.50 2.45
250 50 +9 4.0 5.0 4.0 6.0 2.0 6.0 9.0 3.0 4.88 2.17
250 50 +6 6.0 6*0 7.0 4.0 0.0 10.0 8.0 1.0 5.25 3.41
125 50 +6 7.0 7.0 4.0 1.0 8.0 1.0 8.0 1.0 4.63 3.25
4000 3 +16 6.0 5.0 7.0 5.0 8.0 5.0 10.0 5.0 6.38 1.85
4000 3 +6 7.0 4.0 9.0 6.0 5.0 9.0 10.0 0.0 6.25 3.28
2000 3 +12 8.0 6.0 10.0 3.0 5.0 3.0 9.0 7.0 6.38 2.62
1000 3 +4 6.0 7.0 9.0 4.0 5.0 7.0 9.0 4.0 6.38 2.00
500 100 +16 9.0 1.0 10.0 6.0 4.0 5.0 9.0 0.0 5.50 3.74
500 100 +12 9.0 7.0 9.0 2.0 6.0 4.0 8.0 5.0 6.25 2.49
500 12 -- +2 7.0 8.0 8.0 4.0 3.0 9.0 10.0 2.0 6.38 2.97
250 50 +4 5.0 6.0 8.0 4.0
o•o 10.0 10.0 5.0 6.00 3.34
125 100 +9 9.0 8.0 4.0 6.0 8.0 3.0 9.0 1.0 6.00 3.02
125 25 +2 8.0 4.0 9.0 3.0 6.0 2.0 10.0 2.0 5.50 3.21
125 12 +2 9.0 6.0 10.0 2.0 7.0 4.0 9.0 0.0 5.88 3.60
125 6 +2 7.0 4.0 10.0 3.0 6.0 3.0 10.0 3.0 5.75 3.01
65 3 +2 6.0 5*0 5.0 7.0 3.0
o•oH 10.0 1.0 5.88 3.14
4000 3 +12 8.0 5.0 7.0 4.0 8.0 6.0 10.0 6.0 6.75 1.91
4000 3 +9 5.0 4.0 9.0 6.0 8.0 9.0 8.5 6.0 6.94 1.94
2000 3 +6 5.0 7.0 7.0 4.0 6.0 9.0 9.0 7.0 6.75 1.75
1000 100 +4 8.0 7.0 9.0 7.0 6.0 4.0 9.0 3.0 6.63 2.20
1000 100 +2 7.0 8.0 8.0 1.0 6.0 10.0 10.0 6.0 7.00 2.88
10.42
MUSIC
f0 Q K \ SI S2 S3 S4 S5 S6 S7 S9 ASR SD
125 100 +6 10.0 9.0 10.0 4.0 9.0 0.0 10.0 3.0 6.88 3.94
125 50 +2 8.0 7.0 9.0 4.0 5.0 6.0 10.0 3.0 6.50 2.45
4000 12 +2 7.0 8.0 9.0 7.0 9.0 10.0 10.0 4.0 8.00 2.00
4000 3 +4 7.0 6.0 10.0 5.0 9.0 9.0 9.0 6.0 7.65 1.85
2000 100 +2 8.5 9.5 10.0 7.5 8.0 — 10.0 4.0 8.21 2.10
2000 50 +2 9.5 9.5 10.0 7.0 7.5 - 10.0 4.0 8.21 2.21
500 50 +2 8.0 8.0 9.0 6.0 8.0 10.0 10.0 7.0 8.25 1.39
500 6 +2 6.0 9.0 7.0 7.0 6.0 8.0 10.0 7.0 7.50 1.41
250 100 +12 8.0 8.0 10.0 8.0 7.0 — 10.0 7.0 8.29 1.25
250 6 +2 9.0 9.0 10.0 8.0 8.0 6.0 . 8.0 7.0 8.13 1.25
4000 6 +2 8.0 00
 
% ' o o • o 00 • o 10.0 1—1
 
o
 
* o 10.0 6.0 8.75 1.49
2000 200 +2 10.0 9.0 10.0 7.0 10.0 10.0 10.0 9.0 9-38 1.06
2000 3 +4 8.0 8.0 10.0 9.0 7.0 10.0 10.0 6.0 8.50 1.51
1000 200 +2 10.0 9.0 10.0 8.0 9.0 10.0 10.0 7.0 9.13 1.13
1000 12 +2 8.0 8.0 10.0 7.0 7.0 10.0 10.0 10.0 8.75 1.39
1000 6 +2 7.0 9-0 10.0 7.0 8.0 10.0 10.0 8.0 8.63 1.30
500 200 +16 10.0 8*0 10.0 .9.0 6.0 9.0 10.0 8.0 8.75 1.39
500 200 +9 9.0 - 9.0 10.0 8.0 8.0 10.0 10.0 10.0 9.25 0.89
500 200 +6 9.0 9.0 9.0 7.0 9.0 10.0 10.0 7.0 8.75 1.16
500 100 • +6 9.0 6.0 10.0 9.0 7.0 10.0 10.0 8.0 8.63 1.51
500 100 +4 8.0 8.0 10.0 8.0 8.0 9.0 10.0 7.0 8.50 1.07
500 3 +2 10.0 10.0 10.0 8.0 7.0 10.0 10.0 9.0 9-25 1.16
250 200 +16 10.0 9.0 10.0 10.0 9.0 10.0 10.0 5.0 9.13 1.73
250 200 +9 10.0 9.0 10.0 10.0 8.0 10.0 10.0 7.0 9.25 1.16
250 200 +6 10.0 9.0 10.0 10.0 8.0 10.0 10.0 6.0 9.13 1.46
250 100 +16 10.0 8*0 10.0 9.0 9.0 10.0 10.0 9.0 9.38 0.74
250 100 +6 9.0 9.0 10.0 9.0 8.0 10.0 10.0 10.0 9.38 0.74
250 100 +4 10.0 9-0 10.0 10.0 8.0 10.0 10.0 8.0 9.38 0.92
250 50 +2 10.0 9.0 10.0 9.0 7.0 10.0 10.0 8.0 9.13 1.13
250 12 +2 9.0 8.0 10.0 8.0 9.0 9.0 10.0 8.0 8.88 0.83
125 100 +4 10.0 9.0 10.0 8.0 8.0 8.0 10.0 6.0 8.63 1.41
125 100 +2 10.0 10.0 10.0 9.0 10.0 10.0 10.0 6.0 9-38 1.41
4000 3 +2 10.0 o « o 10.0 10.0
o«oH 10.0
o•oH 8.0 9-75 0.71
2000 12 +2 10.0 9.0 10.0 9.0 8.0 10.0 10.0 10.0 9.50 0.76
2000 6 +2 10.0 9.0 10.0 10.0 9.0 10.0 10.0 10.0 9.75 0.46
2000 3 +2 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.00 0.00
1000 50 +2 10.0 9.0 10.0 8.0 10.0 10.0 10.0 10.0 9.63 0.74
1000 3 +2 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.00 0.00
500 200 +4 10.0 10.0 10.0 10.0 9.0 10.0 10.0 9.0. 9.75 0.46
500 200 +2 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.00 0.00
500 100 +2 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.00 0.00
250 200 +4 10.0 10.0 10.0 10.0 10.0 — 10.0 10.0 10.00 0.00
250 200 +2 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.00 0.00
250 1.00 +2 10.0 9.0 10.0 10.0 9.0 10.0 10.0 8.0 9.50 0.76
250 3 +2 10.0 10.0 10.0 9.0 10.0 10.0 10.0 10.0 9.88 0.35
10.43
f0
>INK
Q
NOISE
K l NP NR
RF ASR
500 50 -16 16 1 6 1.58
125 100 -9 15 1 7 1.25
125 50 -16 9 1 11 1.51
125 25 -6 16 1 6 2.75
125 25 -2 9 1 11 6.75
125 12 -6 16 1 6 2.56
125 12 -4 10 1 10 5.25
125 12 -2 15 4 27 8.75
125 6 -6 10 4 40 5.06
125 6 -4 9 5 55 7.50
125 6 -2 15 5 55 9.19
125 3 -12 15 2 15 2.94
125 5 -9 9 4 44 5.51
125 3 -6 16 4 25 6.19
125 5 -4 10 4 40 8.75
125 5 -2 15 5 55 9.75
65 50- -2 16 2 12 2.69
65 25 -2 16 6 58 4.44
65 12 -4 16 1 6 2.75
65 12 -2 16 5 19 4.44
65 6 -20 16 1 6 1.81
65 6 -9 16 1 6 2.15
65 6 -6 16 2 12 5.00
65 6 -4 . 16 4 25 5.00
65 6 -2 16 5 31 6.75
65 5 -6 16 2 12 5.81
65 5 -4 16 7 44 5.75
65 5 -2 16 7 44 7.06
125 50 +16 8 1 12 2.15
125 12 +2 8 2 25 7.00
125 6 +2 8 1 12 8.75
125 5 +16 8 1 12 4.50
125 5 +4 8 2 25 5.88
125 5 +2 8 5 38 9.25
65 25 +2 . 8 1 12 2.65
65 12 +2 8 5 38 5.25
65 6 +2 8 2 25 5.88
65 5 +4 8 2 25 5.25
65 5 +2 8 5 38 7.88
SPEECH
250 12 -6 10 1 10 4.75
250 6 -4 11 1 9 8.15
250 5 -2 11 « 1 9 9.56
125 12 -6 16 1 6 4.15
125 12 -4 10 2 20 7.88
125 6 -9 16 1 6 5.06
125 6 -6 9 5 56 5.00
BASSY
10.44
fo Q 
SPEECH (cont.
N
)
NP NR RF ASR
125 6 -4 15 5 33 7.31
125 6 -2 10 3 30 9.50
125 3 -9 15 4 27 3.56
125 3 -6 15 6 40 5.13
125 3 -4 15 4 27 8.00
125 3 -2 10 . 4 40 10.00
63 6 -4 16 1 6 0.69
63 6 -2 16 1 6 2.63
63 3 -2 16 5 31 6.88
125 6 +2 7 4 5.7 8.43
125 3 +2 8 3 38 8.88
63 6 +2 8 1 12 2.25
63 3 +12 8 1 12 0.75
63 3 +2 8 1 12 5.25
MUSIC
250 50 -2 16 1 6 8.69
250 3 -2 8 1 12 9.63
125 50 -2 16 1 6 2.94
125 25 -2 15 1 7 5.63
125 12 -2 16 2 12 4.75
125 6 -4 15 1 7 2.56
125 6 -2 15 4 27 5.56
125 3 -4 15 3 20 3.06
125 3 -2 15 4 27 8.19
63 25 -4 16 1 6 0.69
63 25 -2 16 1 6 1.00
63 12 -4 16 1 6 1.56
63 6 -4 16 1 6 0.69
63 6 -2 16 2 12 2.75
63 3 -2 16 3 19 3.63
125 50 +6 8 2 25 4.63
125 25 +2 8 1 12 5.50
125 6 +2 8 1 12 5.75
125 3 +2 8 1 12 4.25
63 25 +2 8 1 12 0.75
63 3 +2 8 1 12 5.88
PINK NOISE
125 100 -2 16 1 6 3.44
125 50 -6 9 1 11 2.00
125 50 -4 16 1 6 2.31
125 50 -2 10 2 20 6.00
125 25 -16 10 1 10 1.94
BASSY
BOOMY
10.45
fQ Q |D | NP NR RF ASR 
PINK NOISE (cont.) BOOMY
125 25 -2 9 4 44 6.75
125 12 -4 10 2 20 5.25
125 12 -2 15 6 40 8.75
125 6 -6 10 2 20 5.06
125 6 -4 9 4 44 7.50
125 6 -2 15 6 40 9.19
125 3 -9 9 1 11 5.31
125 3 -6 16 6 38 6.19
125 3 -4 10 3 30 8.75
125 3 -2 15 6 40 9.75
63 50 -2 16 1 6 2.69
63 25 -2 16 2 12 4.44
63 12 -4 16 1 6 2.75
63 12 -2 16 * 5 31 4.44
63 6 -4 16 1 6 3.00
63 6 -2 16 6 38 6.75
63 3 -6 16 1 6 3.81
63 3 -4 16 5 31 5.75
63 3 -2 16 5 31 7.06
125 50 +2 8 2 25 4.00
125 25 +2 8 2 25 5.25
125 12 +4 8 1 12 2.63
125 12 +2 8 2 25 7.00
125 6 +2 8 3 38 8.75
125. 3 +4 8 2 25 5.88
125 3 +2 8 2 25 : 9.25
63 12 +2 8 1 12 5.25
63 6 +2 8 2 25 5.88
63 3 +4 8 1 12 i  3.25
63 3 +4 8 1 12 3.25
63 3 +2 8 2 25 7.88
SPEECH
250 200 -20 8 1 12 5.13
250 200 -16 10 2 20 7.69
250 200 -4 10 2 20 9.88
250 100 -16 16 1 6 7.44
250 100 -12 16 1 6 8.88
250 100 -9 16 1 6 9.13
250 100 -6 10 2 20 9.44
250 100 -4 . 16 1 6 9.94
250 50 -16 16 1 6 5.25
250 50 -12 11 1 9 6.81
250 50 -9 16 1 6 9.31
250 50 -4 10 2 20 9.75
250 50 -2 11 1 9 9.88
250 25 -12 8 1 12 5.00
250 25 -4 16 1 6 9.56
250 6 -6 13 1 8 4.63
10.46
f0
IPEECH
Q
(cont.
Pol
)
NP NR RF ASR
250 6 -4 11 1 9 8.13
250 6 -2 13 1 8 9.75
250 5 -4 10 1 10 8.38
125 100 -12 10 2 20 4.56
125 100 -9 16 4 25 7.06
125 100 -6 9 3 33 8,75
125 100 -4 15 4 27 8.94
125 100 -2 15 4 27 9.81
125 50 -12 15 2 13 3.87
125 50 -9 16 4 25 6.56
125 50 -6 10 3 30 8.44
125 50 -4 15 6 40 8.81
125 50 -2 15 4 27 9.81
125 25 -9 15 1 7 4.31
125 25 -6 10 3 30 8.13
125 25 -4 15 4 27 9.44
125 25 -2 15 7 47 9.94
125 12 -6 16 9 56 4.13
125 12 -4 10 7 70 7.88
125 12 -2 9 6 67 9.81
125 6 -9 16 4 25 3.06
125 6 -6 9 2 22 5.00
125 6 -4 15 4 27 7.31
125 6 -2 10 6 60 9.50
125 5 -9 15 3 20 3.56
125 5 -6 15 4 27 5.13
125 3 -4 15 6 40 8.00
125 3 -2 10 5 50 10.00
65 6 -2 16 4 25 2.63
65 3 -2 16 8 50 6.88
250 200V +16 8 1 12 9.50
250 200 +4 8 1 12 9.88
250 100 +12 8 2 25 9.88
250 100 +9 8 2 25 10.00
250 50 +6 8 1 12 9-38
250 25 +16 8 1 12 8.13
250 25 +12 8 1 12 8.50
250 25 +9 8 1 12 8.25
250 25 +6 8 1 12 9.13
250 12 +12 8 1 12 7.00
250 12 +6 8 1 12 8.63
250 12 +2 8 1 12 8.63
125 100 +16 7 3 43 8.43
125 100 +12 8 4 50 - 8.50
125 100 +9 8 3 38 8.88
125 100 +6 8 2 25 9.25
125 100 +4 8 2 25 9.38
125 100 +2 8 3 38 9.63
BOOMY
10.47
f0 Q N NP NR
RF ASR
SPEECH (cont.)
125 50 +16 8 5 38 9.00
125 50 +12 8 5 62 8.63
125 50 +9 8 4 50 8.50
125 50 +6 8 2 25 8.75
125 50 +4 7 5 43 9.71
125 50 +2 8 2 25 10.00
125 25 +16 8 4 50 8.25
125 25 +12 8 5 62 8.38
125 25 +9 8 5 62 8.38
125 25 +6 8 4 50 8.63
125 25 +4 7 3 43 9.86
125 25 +2 8 5 62 9.88
125. 12 +16 8 3 38 5.75
125 12 +12 8 3. 38 7.13
125 12 +9 8 3 38 7.25
125 12 +6 8 3 38 7.38
125 12 +4 8 6 75 9.13
125 12 +2 8 7 87 9.50
125 6 +12 8 1 12 3.25
125 6 +6 8 2 25 3.63
125 6 +4 8 3 38 5.63
125 6 +2 7 2 29 8.43
125 5 +4 8 3 38 3.50
125 5 +2 8 2 25 8.88
65 5 +2 8 4 50 5.25
MUSIC
500 50 -26 16 1 6 0.31
250 100 -4 16 1 6 9.00
250 100 -2 16 1 6 9.88
250 50 -9 16 1 6 4.00
250 50 -2 16 1 6 8.69
250 25 -6 16 1 6 3.50
250 25 -2 8 2 25 9.50
250 12 -4 10 1 10 4.81
250 12 -2 8 2 25 9.13
250 6 -2 8 1 12 -9.38
125 100 -6 9 1 11 1.25
125 100 -4 16 1 6 2.69
125 100 -2 9 5 56 8.31
125 50 -2 16 3 19 2.94
125 25 -2 15 10 67 5.63
125 12 -2 16 8 50 4.75
125 6 -2 15 5 33 5.56
125 3 -6 16 1 6 1.00
125 3 -4 15 2 13 3.06
125 3 -2 15 6 40 8.19
63 50 -2 16 1 6 1.00
63 12 -4 16 2 12 6 1.56
BOOMY
10*48
f0 Q Pol NP NR RF ASR.
MUSIC (cont. )
63 6 -2 16 3 19 2.75
63 3 -6 ✓ 16 2 12 1.31
63 3 -4 16 2 12 1.38
63 3 -2 16 5 31 3.63
250 200 +2 8 1 12 10.00
250 100 +16 8 2 25 9.38
250 100 +4 8 1 12 9.38
250 100 +2 8 1 12 * 9.50
250 50 +2 8 1 12 9.13
250 12 +2 8 1 12 8.88
125 100 +16 7 1 14 4.29
125 100 +9 8 1 12 6.00
125 100 +6 8 2 25 > 6.88
125 100 +4 8 5 38 8.63
125 100 +2 8 3 38 9-38
125 50 +6 8 1 12 4.63
125 50 +2 8 2 25 6.50
125 25 +4 8 1 12 4.13
‘ 125 25 +2 8 3 38 2 5.50
125 12 +2 8 4 50 5.88
125 6 +2 8 2 25 5.75
125 3 +2 8 2 25 4.25
63 6 +2 8 1 12 1.88
63 3 +4 8 1 12 “ 1.38
63 3 +2 8 5 62 ‘ 5.88
SPEECH
8000 12 -2 14 1 7 5.50
8000 3 : _4 9 1 11 6.13
8000 3 -2 13 1 8 8.19
4000 25 -9 16 1 6 , 4.56
4000 25 -4 15 1 7 6.50
4000 12 -4 15 1 7 6.19
4000 3 -12 16 1 6 1.88
2000 100 -12 12 1 8 0.81
2000 50 -16 14 1 7 0.62
2000 50 -12 14 1 7 = 1.44
2000 25 -16 16 1 6 0.44
2000 12 -6 16 1 6 2.06
2000 12 -4 16 1 6 6.88
2000 6 -6 14 3 21 4.44
2000 6 -4 12 3 25 x 7.69
2000 6 -2 16 1 6 7.44
2000 3 -12 16 1 6 1.81
2000 3 -9 16 4 25 3.37
BOOMY
CLOSE
10*49
f0 Q lDol NP NR
RF ASR.
SPEECH (cont#)
2000 3 -6 14 4 29 5.38
2000 3 -4 16 5 31 7.25
2000 3 -2 12 5 42 9.38
1000 12 -9 8 1 12 2.38
1000 12 -6 8 1 12 3.13
1000 6 -4 13 3 23 7.00
1C00 6 -2 14 1 7 9.63
1000 3 -6 8 1 12 2.50
1000 3 -4 8 2 25 7.88
1000 3 -2 13 1 8 9.44
500 25 -26 16 1 6 0.94
500 6 -6 16 1 6 3.63
500 6 -4 16 2 12 7.81
500 6 -2 16 2 12 9.56
500 3 -9 16 1 6 2.19
500 3 -2 16 2 12 9.50
250 12 -9 10 1 10 2.69
250 6 -2 13 1 8 9.75
125 25 -12 - 15 1 7 1.75
125 6 -4 15 1 7 7.31
125 3 -4 15 1 7 8.00
4000 NC 8 1 12 0.75
2000 3 +12 14 1 7 • 2.71
1000 3 +2 8 1 12 9.88
250 3 +2 7 1 14 9.29
125 3 +2 8 1 12 8.88
MUSIC
4000 50 -4 15 1 7 3.00
4000 12 -9 8 1 12 1.63
4000 6 -6 15 1 7 6.69
4000 3 -2 12 1 8 9.63
500 25 -9 16 1 6 0.62
500 NC . 16 1 6 0.62
PINK NOISE
1000 50 -4 13 1 8 7.31
500 25 -4 16 1 6 7.38
500 25 -2 16 1 6 8.31
500 6 -2 16 1 6 9.38
500 3 -4 16 1 6 8.81
CLOSE
DISTANT
10# 50
f Q Id I NP NR RF ASR o i oi
PINK NOISE (cont#)
2000 12 +2 8 1 12 9.65
1000 3 +6 8 1 12 7.13
SPEECH
8000 25 -4 16 1 6 5.06
500 200 -16 16 1 6 4.81
500 6 -6 16 1 6 3.63
500 3 -9 16 2 12 2.19
4000 3 +4 8 1 12 ; 7.13
2000 6 +12 14 1 7 1.07
2000 3 +12 14 2 14 2.71
2000 3 +9 8 * 1 12 3.13
2000 3 +6 14 2 14 1.86
1000 12 +6 8 . 1 12 1.38
1000 3 +16 8 1 12 3.87
1000 3 +12 * 8 3 38 4.50
1000 3 +6 8 2 25 3.37
1000 3 +4 8 1 12 7.75
1000 3 +2 8 1 12 9.88
500 3 +16 8 2 25 5.88
500 3 +12 8 2 25 5.63
500 3 +9 8 2 25 5.50
500 3 +6 8 1 12 4.75
250 3 +16 8 3 38 5.50
250 3 +12 8 1 12 4.63
250 3 +9 7 1 14 4.29
250 3 +4 8 1 12 i 5.88
125 3 +16 7 1 14 2.86
125. 3 +12 8 2 25 4.13
125 3 +9 8 1 12 2.38
■MUSIC
500 6 -2 16 2 12 6.75
4000 3 +12 8 1 12 6.75
2000 3 +9 8 1 12 4.75
1000 3 +9 8 1 12 2.75
1000 3 +4 8 1 12 6.38
PINK NOISE
8000 200 -16 14 1 7 3.06
8000 200 -2 10 1 10 8.56
8000 100 -9 13 1 8 3.19
DISTANT
i
HARSH
10.51
fo « Pol
PINK NOISE (cont.)
NP NR RF ASR
8000 100 -6 16 1 6 5.56
8000 100 -4 10 1 10 6.58
8000 50 —20 16 1 6 1.69
8000 50 -12 16 1 6 2.69
8000 50 -6 10 1 10 5.88
8000 25 -20 13 1 8 2.63
8000 25 -12 14 1 7 3.94
8000 25 -9 16 2 12 4.69
8000 12 -6 16 2 12 9.13
8000 12 -2 14 1 7 9-19
8000 6 -20 16 1 6 2.69
8000 6 -9 16 2 12 . 7.50
8000 6 -6 9 1 11 8.88
8000 6 -4 9 1 11 8.38
8000 6 -2 . 9 1 11 9.50
8000 3 -16 16 1 6 5.19
8000 3 -12 10 1 10 5.56
8000 3 -9 13 2 15 7.56
8000 3 -6 9 1 11 9.25
8000 NC 16 1 6 = . 2.75
4000 100 -12 12 1 8 2.13
4000 12 -12 15 1 7 4.69
4000 12 -9 15 2 13 6.38
4000 12 -4 8 1 12 9.50
4000 12 -2 12 2 17 : 9.75
4000 6 -9 16 1 6 7.44
4000 6 -6 16 1 6 8.56
4000 6 -4 12 3 25 9.06
4000 6 -2 8 1 12 9.75
4000 3 -12 8 2 25 6.63
4000 3 -4 12 3 25 9-38
4000 3 -2 8 2 25 9.88
2000 200 -9 10 1 10 1.88
2000 200 -4 12 1 8 5.00
2000 200 -2 16 2 12 6.25
2000 100 -12 10 1 10 : 1.75
2000 100 -2 16 2 12 7.81
2000 50 -20 10 1 10 1.50
2000 50 -6 16 2 12 5.31
2000 25 -12 16 1 6 2.31
2000 25 -9 16 2 12 . 5.13
2000 25 -6 10 3 30 6.75
2000 12 -20 14 1 7 2.88
2000 12 -12 16 2 12 3.44
2000 12 -9 16 2 12 5.44
2000 12 -4 10 2 20 9.13
2000 12 -2 10 4 40 : 9.50
2000 6 -20 10 1 10 1.19
2000 6 -16 14 1 7 2.94
2000 6 -12 14 2 14 4.88
HARSH
10.52
f0
PINK
Q
NOISE
Pol
(cont.)
NP NR RF ASR
2000 6 -9 16 4 25 6.19
2000 6 -6 16 4 25 7.94
2000 6 -4 10 5 50 8.75
2000 6 -2 12 3 25 9.50
2000 3 -16 10 1 10 2.65
2000 3 -12 10 3 30 5.19
2000 3 -9 16 4 25 7.00
2000 3 -6 14 4 29 8.19
2000 3 -4 10 5 50 9.00
2000 3 -2 10 3 30 9.65
1000 . 200 -12 16 1 6 1.65
1000 100 -9 13 1 8 1.65
1000 50 -16 16 1 6 1.31
1000 50 -6 10 1 10' 4.06
1000 25 -16 16 1 6 2.81
1000 25 -9 16 1 6 4.00
1000 12 -12 16 1 6 3.56
1000 12 -6 16 1 6 8.56
1000 12 -2 14 1 7 9.69
1000 6 -20 16 2 12 1.50
1000 6 -16 1-4 1 7 1.65
1000 6 -6 8 1 12 7.75
1000 6 -4 8 1 12 7.65
1000 6 -2 8 1 12 9.00
1000 3 -16 16 1 6 2.65
1000 3 -12 10 1 10 4.75
1000 3 -9 13 1 8 6.00
1000 3 -6 8 2 25 8.58
1000 3 -4 10 1 10 8.65
1000 3 -2 14 1 7 9.81
500 200 -16 16 1 6 1.31
500 100 -26 16 1 6 1.31
500 100 -9 16 1 6 1.56
500 50 -26 16 1 6 1.56
500 50 -9 16 1 6 1.88
500 12 -20 16 1 6 1.13
500 6 -20 16 1 6 1.44
500 3 -20 16 1 6 1.75
500 3 -12 16 1 6 3.56
500 3 -2 16 1 6 9.81
250 -200 -16 13 1 8 1.38
250 50 -12 16 1 6 1.69
250 25 -12 13 1 8 1.25
250 12 -9 13 1 8 2.56
250 6 -16 13 2 15 1.81
250 NC 16 1 6 1.50
125 12 -9 16 1 6 1.81
125 6 -16 15 1 7 1.65
125 6 -12 15 1 7 2.58
HARSH
10.53
f  q Id I np nr rf asr
O I 01
PINK NOISE (cont.)
125 3 -12 15 1 7 2.94
65 12 -12 16 1 6 0.87
4000 25 +9 9 1 11 1.31
4000 6 +4 8 2 25 8.75
4000 3 +4 8 1 12 9.75
4000 3 +2 8 1 12 9-88
2000 12 +2 8 1 12 9.65
2000 6 +2 14 1 7 8.29
2000 3 +4 8 1 12 9.13
2000 3 +2 14 3 21 9.86
1000 6 +4 8 1 12 6.75
1000 6 +2 8 1 12 T 9.50
1000 3 +4 8 2 25 9.25
1000 3 +2 8 1 12 10.00
1000 NC 8 1 12 1.25
500
SPEECH
3 +6 8 1 12 6.00
8000 12 -4 16 1 6 6.58
8000 6 -20 14 1 7 1.06
8000 6 -2 14 1 7 7.69
8000 3 -2 13 1 8 8.19
4000 25 -9 16 1 6 ■ 4.56
4000 25 -4 15 1 7 6.50
4000 12 -4 15 1 7 6.19
4000 12 -2 8 1 12 9.00
4000 6 -6 12 1 8 7.65
4000 6 -2 15 4 27 8.50
4000 3 -9 15 2 13 5.25
4000 3 -6 12 1 8 4.56
4000 3 -4- 15 2 13 7.19
4000 3 -2 8 1 12 7.75
2000 200 -20 12 1 8 0.81
2000 ‘ 200 -12 10 1 10 1.81
2000 200 -9 10 1 10 2.88
2000 100 -16 16 1 6 1.06
2000 100 -4 10 1 10 8.06
2000 50 -9 10 1 10 . 1.56
2000 . 50 -2 16 2 12 9.31
2000 25 -12 16 1 6 0.87
2000 25 -4 16 2 12 7.06
2000 25 -2 12 2 17 8.51
2000 12 -16 10 1 10 0.69
2000 12 -9 16 1 6 1.75
2000 12 -4 16 3 19 6.88
2000 12 -2 10 3 30 9.50
2000 6 -16 10 1 10 0.50
HARSH
10-54
f0 Q Pol HP NR RF ASR
SPEECH (cont. )
2000 6 -12 12 1 8 1.00
2000 6 -9 10 1 10 2.00
2000 6 -6 14 3 21 4.44
2000 6 -4 12 5 42 7.69
2000 6 -2 16 6 38 7.44
2000 3 -12 16 1 6 1.81
2000 3 -6 14 3 21 5.38
2000 3 -4 16 2 12 7.25
2000 3 -2 12 2 17 9.38
1000 25 -4 . 16 1 6 5.75
1000 12 -4 16 1 6 7.31
500 12 -2 16 1 6 9.38
4000 25 +2 8 1 12 7.25
4000 12 +2 8 1 12 6.38
4000 6 +2 8 1 12 8.63
4000 3 +6 8 1 12 4.88
4000 3 +4 8 1 12 7.13
2000 200 +12 8 1 12 6.88
2000 200 +6 8 1 12 9.25
2000 100 +16 8 1 12 4.88
2000 100 +12 8 1 12 5.88
2000 100 +6 8 1 12 7.50
,2000 100 +4 8 1 12 8.50
2000 50 +12 8 1 12 3.75
2000 50 +4 8 1 12 7.13
2000 25 +2 8 3 . 38 7.63
2000 12 +2 14 1 7 6.86
2000 6 +2 8 3 38 8.13
2000 3 +4 8 2 25 5.63
2000 3 +2 14 3 21 9.36
1000 12 +9 8 1 12 1.13
1000 12 +4 8 1 12 4.88
1000 12 +2 8 1 12 8.75
1000 6 +4 8 1 12 3.13
1000 6 +2 8 2 25 8.50
1000 3 +12 8 1 12 4.50
1000 3 +4 8 1 12 7.75
1000 3 +2 8 3 38 9#88
500 3 +16 8 1 12 5.88
MUSIC
8000 100 -12 16 1 6 0.94
8000 100 -2 16 2 12 5.75
8000 50 -2 16 1 6 7.94
8000 25 -2 10 1 10 8.69
8000 12 -6 16 1 6 6.13
8000 12 -4 9 ' 1 11 - 8.50
8000 12 -2 10 1 10 9.44
HARSH
10# 55
f0 Q PcJ
MUSIC (cont. )
8000 6 t-6
8000 6 -4
8000 6 -2
8000 3 -20
8000 3 -12
8000 3 -4
8000 3 -2
4000 50 -6
4000 50 -4
4000 50 -2
4000 25 -6
4000 25 -4
4000 25 -2
4000 12 -9
4000 12 -2
4000 6 -16
4000 6 -9
4000 6 -6
4000 6 -4
4000 6 -2
4000 3 -12
4000 3 -9
4000 ' 3 -6
4000 3 -4
4000 3 -2
2000 200 -9
2000 200 -6
2000 200 -4
2000 200 -2
2000 100 -16
2000 100 -12
2000 100 -9
2000 100 -6
2000 100 -4
2000 100 -2
2000 50 -12
2000 50 -9
2000 50 -6
2000 50 -4
2000 25 -12
2000 25 -9
. 2000 25 -6
2000 25 -4
2oo0 25 -2
2000 12 -16
2000 12 -12
2000 12 -9
2000 12 -6
2000 12 -4
2000 12 -2
NP NR RF ASR
14 1 7 4.69
14 2 14 6.31
10 1 10 9.31
16 2 12 2.94
13 1 8 3.69
14 2 14 7.38
10 1 10 8.94
15 1 7 2.63
15 1 7 3.00
16 1 6 6.81
12 2 17 3.00
12 1 8 3.69
8 1 12 8.88
8 1 12 1.63
16 3 19 8.81
15 1 7 1.75
8 1 12 2.25
15 2 13 6.69
15 4 27 8.44
8 1 12 9.38
12 1 8 2.25
12 2 17 3.56
12 2 17 6.13
16 2 12 8.31
12 3 25 9.63
16 1 6 2.63
14 1 7 4.75
16 1 6 4.56
12 1 8 9.63
16 2 12 1.56
10 1 10 1.50
12 2 17 2.44
12 1 8 5.81
16 2 12 4.81
14 1 7 9.75
16 2 12 2.88
12 2 17 3.13
16 2 12 6.25
16 6 38 7.06
14 3 21 3.13
16 2 12 2.81
14 2 14 6.50
14 3 21 8.63
12 2 17 9.63
10 1 10 1.38
10 1 10 1.75
10 1 10 3.06
16 3 19 5.44
10 5 50 7.63
16 2 12 9.31
HARSH
10.56
f0 Q Pol NP NR RF ASR-
MUSIC (cont.)
2000 6 -20 10 1 10 1.31
2000 6 -12 12 1 8 1.44
2000 6 -9 10 2 20 2.44
2000 6 -6 16 3 19 4.88
2000 6 -4 16 5 31 7.88
2000 6 -2 12 3 25 9.75
2000 3 -16 16 1 6 1.94
2000 3 -12 14 1 7 3.81
2000 - 3 -9 14 2 14 4.13
2000 3 -6 10 5 50 5.50
2000 3 -4 16 6 38 8.06
2000 3 -2 10 6 60 9.19
2000 NC 16 1 6 1.19
1000 100 -4 16 1 6 3.13
1000 50 -6 13 1 8 3.87
1000 50 -4 13 2 15 5.13
1000 25 -9 13 1 8 1.00
1000 25 -4 13 2 15 6.44
1000 12 -2 10 2 20 9.44
1000 6 -2 10 2 20 9.88
1000 3 -2 10 2 20 9.69
4000 12 +2 8 1 12 8.00
4000 6 +16 ’ 8 1 12 3.25
4000 ... 6 +6 8 1 12 1.25
4000 6 +4 8 1 12 - 4.38
4000 6 +2 8 2 25 8.75
4000 3 +9 9 1 11 6.94
4000 3 +4 9 1 11 7.63
4000 3 +2 9 1 11 9.75
2000 50 +4 8 1 12 4.25
2000 50 +2 14 3 21 8.21
2000 12 +4 8 2 25 4.00
2000 12 +2 8 2 25 9.50
2000 6 +6 8 1 12 2.63
2000 6 +4 14 1 7 2.14
2000 6 +2 8 4 50 9.75
2000 3 +9 8 1 12 4.75
2000 3 +6 8 1 12 6.75
2000 3 +4 8 4 50 8.50
2000 3 +2 8 4 50 10.00
1000 100 +4 8 1 12 6.63
1000 100 +2 8 2 25 7.00
1000 12 +2 8 4 50 8.75
1000 6 +2 8 4 50 8.63
1000 3 +16 8 1 12 4.50
1000 3 +12 8 1 12 4.25
1000 3 +9 8 1 12 2.75
1000 3 +6 8 1 12 5.38
1000 3 +4 8 3 38 6.38
1000 3 +2 8 3 38 10.00
HARSH
10*57
f Q P NP NR RF ASR0 I ol
PINK NOISE
8000 200 -12 16 2 12 1.94
8000 200 -9 16 2 12 2.50
8000 100 -6 16 1 6 5.56
8000 100 -2 14 3 21 6.44
8000 50 -16 16 1 6 5.06
8000 50 -12 16 1 6 2.6 9
8000 50 -2 16 3 19 8.94
8000 25 -16 16 1 6 3.06
8000 25 -9 16 1 6 4.69
8000 12 -12 16 2 12 4.81
8000 12 -9 14 1 7 3.69
8000 12 -6 16 3 19 9.13
8000 12 -4 13 1 8 8.63
8000 12 -2 14 2 14 9.19
8000 6 -12 14 1 7 5.25
8000 6 -9 16 3 19 7.50
8000 6 -6 9 1 11 8.88
8000 6 -4 9 1 11 8.38
8000 3 -16 16 2 12 5.19
8000 3 -6 9 1 11 9.25
8000 3 -2 14 3 21 9.50
4000 200 -2 15 : 1 7 8.94
4000 100 -2 15 : 1 7 9.31
4000 50 -6 16 2 12 5.63
4000 25 -20 16 2 12 3.00
4000 25 -12 16 1 6 • 3.19
4000 25 -9 16 i 1 6 4.88
4000 25 -4 12 1 8 8.75
4000 12 -12 15 2 13 4.69
4000 12 -9 15 2 13 6.38
4000 12 -4 8 1 12 9.50
4000 6 -12 12 1 8 4.81
4000 6 -9 16 1 6 7.44
4000 6 -6 16 2 12 8.56
4000 6 -2 8 1 12 9.75
4000 3 -16 8 1 12 4.50
4000 3 -9 15 2 13 7.94
4000 3 -6 12 2 17 8.69
2000 100 -20 14 1 7 2.00
2000 100 -16 14 1 . 7 2.00
2000 50 -12 14 1 7 2.56
2000 T 12 -16 14 1 7 2.81
2000 6 -16 14 ; 1 7 2.94
2000 6 -12 14 1 7 4.88
2000 6 -9 16 1 6 6.19
2000 6 -6 16 1 6 7.94
2000 3 -9 16 1 6 7.00
2000 3 -6 14 1 7 8.19
1000 200 -9 • 16 1 6 1.88
1000 200 -6 16 1 6 2.81
HISSY
1 0 , 5 8
f0
PINK
* Pol
NOISE (cont.)
NP NR RF ASR
1000 100 -6 16 1 6 4.06
1000 50 -20 16 1 6 1.50
1000 50 -12 16 1 6 2.06
1000 25 -16 16 1 6 2.81
1000 6 -9 16 1 6 7.88
500 200 -20 16 1 6 0.87
500 50 -20 16 1 6 1.25
500 50 -12 16 1 6 1.58
500 25 -26 16 1 6 1.56
500 25 -12 16 1 6 2.56
500 12 -16 16 1 6 2.00
500 NC 16 1 6 1.25
500 NC 16 1 6 1.25
250 200 -12 16 1 6 1.25
250 200 -9 16 1 6 1.75
250 100 -6 16 2 12 2.51
250 50 -20 16 1 6 1.15
250 50 -12 16 1 6 1.69
250 25 -16 16 1 6- 1.56
250 12 -12 -16 1 6 1.88
250 5 -16 16 1 6 1.25
125 100 -2 16 1 6 5.44
125 50 -4 16 1 6 2.51
125 - 25 -6 16 1 6 2.75
125 12 -16 16 1 6 1.81
125 12 -12 16 1 6 1.58
125 12 -6 16 1 6 2.56
65 50 -6 16 1 6 1.25
65 50 -4 16 1 6 1.65
65 25 -12 16 1 6 1.50
65 12 -6 16 1 6 1.25
65 5 -20 16 1 6 1.19
65 5 -16 16 1 6 1.44
65 5 -12 16 1 6 1.94
65 5 -9 16 - 1 6 2.50
65 NC 16 1 6 1.19
2000 5 +12 8 1 12 8.58
SPEECH
8000 200 -20 10 1 10 0.75
8000 200 -16 9 1 11 1.19
8000 200 -12 14 1 7 0.87
8000 200 -9 15 1 8 0.56
0000 200 -6 14 1 7 0.62
8000 200 -2 15 1 8 5.87
8000 100 -20 16 1 6 1.06
8000 100 -12 16 2 12 1.06
8000 100 -9 16 2 12 1.69
HISSY
10.59
V Q M
SPEECH (cont.)
8000 100 -6
8000 100 -4
8000 100 -2
8000 50 -6
8000 50 -4
8000 25 -20
8000 25 -16
8000 25 -12
8000 25 -9
8000 25 -2
8000 12 -20
8000 12 -12
8000 12 -9
8000 12 -4
8000 12 -2
8000 6 -20
8000 6 -16
8000 6 -12
8000 6 -9
8000 6 -6
8000 6 -4
8000 6 -2
8000 3 -20
8000 3 -16
8000 3 -12
8000 3 -9
8000 3 -6
8000 3 -4
8000
8000
3 -2
NC
4000 200 -20
4000 200 -16
4000 200 -12
4000 200 -9
4000 200 -6
4000 200 -4
4000 200 -2
4000 100 -20
4000 100 -12
4000 100 -9
4000 100 -4
4000 100 -2
4000 50 -16
4000 50 -12
4000 50 -9
4000 50 -6
4000 50 -4
4000 50 -2
4000 25 -20
4000 25 -16
4000 25 -12
NP NR RF ASR
9 1 11 0.87
16 2 12 0.87
14 2 14 1.65
14 1 7 1.51
9 1 11 5.87
14 1 7 0.50
16 1 6 0.75
10 1 10 0.75
9 1 11 1.44
14 4 29 3.69
13 : 2 15 1.06
14 1 7 1.25
9 1 11 2.44
16 1 6 6.58
14 3 21 5.50
14 1 7 1.06
16 1 6 0.87
9 1 11 1.51
16 1 6 2.50
14 3 21 2.69
13 4 31 6.44
14 i 2 14 7.69
10 1 10 1.58
16 1 6 1.25
10 1 10 1.06
9 1 11 2.65
9 2 22 4.88
9 1 11 6.15
13 1 8 8.19
10 1 10 0.75
8 : 1 12 0.87
8 2 25 1.00
8 2 25 1.65
12 2 17 0.75
12 • 1 8 1.69
12 1 8 3.13
12 4 33 8.50
12 1 8 0.75
8 1 12 1.15
8 1 12 1.50
8 3 38 4.00
15 2 13 7.81
12 1 8 0.62
12 1 8 0.69
8 2 25 2.50
12 1 8 6.19
16 • 6 38 4.51
15 3 20 8.56
8 1 12 1.00
16 1 6 0.81
15 1 7 1.06
HISSY
10.60
fo
SPEECH
* Pol
(cont.)
NP NR RF ASR
4000 25 -9 16 3 19 4.56
4000 25 -6 16 2 12 1.88
4000 25 -4 15 3 20 6.50
4000 25 -2 8 4 50 8.00
4000 12 -20 12 1 8 0.87
4000 12 -12 12 2 17 1.25
4000 12 -9 15 3 20 5.06
4000 12 -6 16 2 12 2.50
4000 12 -4 15 4 27 6.19
4000 12 -2 8 4 50 9.00
4000 6 -20 8 1 12 0.50
4000 6 -16 12 2 17 1.13
4000 6 -12 8 1 12 1.58
4000 , 6 -9 8 3 58 2.75
4000 6 -6 12 4 33 7.65
4000 6 -4 8 5 62 6.00
4000 6 -2 15 5 33 8.50
4000 3 -16 15 1 7 1.25
4000 3 -12 16 1 6 1.88
4000 3 -9 15 4 27 5.25
4000 3 -6 12 4 33 4.56
4000 3 -4 15 1 7 7.19
4000 3 -2 8 5 62 7.75
4000 NC 15 1 7 0.38
4000 NC 15 1 7 0.75
4000 NC 12 1 8 0.56
2000 200 -20 12 1 8 0.81
2000 200 -12 10 1 10 1.81
2000 100 -16 16 1 6 1.06
2000 100 -12 12 1 8 0.81
2000 100 -9 12 1 8 1.75
2000 50 -16 14 1 7 0.62
2000 50 -12 14 1 7 1.44
2000 50 -9 10 1 10 1.56
2000 50 -4 16 1 6 4.94
2000 25 -20 10 1 10 0.81
2000 25 -12 16 1 6 0.87
2000 25 -6 16 1 6 1.75
2000 25 -2 12 1 8 8.51
2000 12 -6 16 1 6 2.06
2000 12 -4 16 1 6 6.88
2000 : 6 -20 12 1 8 0.19
2000 6 -12 12 1 8 1.00
2000 6 -9 10 1 10 2.00
' 2000 6 -6 14 1 7 4.44
2000 6 -2 . 16 1 6 7.44
2000 3 -16 16 1 6 0.58
2000 3 -9 16 1 6 3.37
2000 3 -6 14 2 14 5.38
2000 3 -4 16 2 12 7.25
2000 NC 16 1 6 0.51
HISSY
f Q |dJ NP NR RF ASR
SPEECH (cont.)
2000 NC 16 1 6 0.31
1000 200 -16 8 1 12 1.50
1000 100 -20 16 1 6 0.38
1000 100 -12 16 1 6 1.63
1000 25 -9 8 1 12 1.00
1000 12 -9 8 1 12 2.38
1000 12 -6 8 1 12 3.13
1000 6 -16 16 1 6 0.44
1000 6 -12 8 1 12 0.75
1000 3 -9 8 1 12 2.25
1000 3 -6 8 1 12 2.50
125 100 -9 16 1 6 7.06
4000 200 +16 8 1 12 1.88
4000 200 +12 8 1 12 0.62
4000 200 +6 8 . 2 25 1.25
4000 100 +12 8 2 25 0.62
4000 100 +9 8 1 12 0.25
4000 100 +6 8 1 12 0.87
4000 100 +4 8 1 12 1.88
4000 100 +2 8 1 12 7.38
4000 50 +16 9 1 11 0.31
4000 50 +12 8 1 12 0.25
4000 50 +9 8 1 12 0.12
4000 50 +6 8 3. " 12 1.00
4000 50 +4 9 1 11 2.44
4000 25 +16 8 1 12 0.38
4000 25 +12 8 1 12 0.50
4000 25 +2 8 4 50 7.25
4000 12 +12 8 1 12 0.38
4000 12 +6 8 1 12 0.50
4000 12 +4 8 1 12 2.75
4000 12 +2 8 4 50 6.38
4000 6 +16 8 2 25 1.63
4000 6 +12 9 1 11 1.38
4000 6 +9 9 1 11 0.69
4000 6 +6 8 3 38- 0.87
4000 6 +4 8 2 25 2.88
4000 6 +2 8 3 38 8.63
4000 3 +16 8 3 38 2.63
4000 3 +6 8 2 25 4.88
4000 3 +4 8 2 25 7.13
4000 : 3 +2 8 1 12 9.88
4000 NC 8 • 1 12 0.62
4000 NC 8 1 12 0.75
2000 200 +4 14 1 7 8.43
2000 100 +16 8 1 12 4.88
2000 50 +16 . 8 1 12 3.37
2000 50 +12 8 1 12 3.37
2000 50 +9 14 1 7 0.71
HISSY
10.62
f0
SPEECH
Q Pol
(cont.)
NP NR RF ASR
2000 25 +16 14 1 7 0.50
2000 25 +9 14 1 7 0.29
2000 12 +16 14 1 7 0.45
2000 12 +12 8 1 12 0.62
2000 12 +9 8 1 12 0.50
2000 12 +6 8 1 12 2.00
2000 12 +2 14 2 14 6.86
2000 6 +12 14 1 7 1.07
2000 6 +9 14 1 7 0.64
2000 6 +4 8 1 12 2.75
2000 6 +2 8 1 12 8.15
2000 5 +16 8 1 12 2.88
2000 5 +12 14 1 7 2.71
2000 5 +9 8 1 12 5.15
2000 5 +6 14 1 7 1.86
2000 5 +4 8 1 12 5.65
2000 NC 8 1 12 1.58
2000 NC 8 1 12 0.75
1000 12 +12 8 1 12 0.75
1000 6 +6 8 1 12 1.50
1000 6 +4 8 1 12 5.15
1000 NC 8 1 12 0.50
500 NC 8 1 12 1.15
250 6 +9 8 . 1 12 2.15
.250 NC 8 1 12 0.25
250 NC 8 1 12 1.00
65 12 +16 8 1 12 0.75
65 5 +16 8 1 12 0.87
MUSIC
8000 200 -6 14 1 7 1.65
8000 100 -16 16 1 6 1.69
8000 50 -16 16 1 6 1.50
8000 50 -12 10 1 10 1.69
8000 - 50 -9 16 1 6 . 5.51
8000 50 -6 15 2 15 4.06
8000 50 -4 15 1 8 4.94
8000 50 -2 16 2 12 7.94
8000 25 -16 16 1 6 1.88
8000 25 -6 16 1 6 2.19
8000 25 -4 15 1 8 6.25
8000 25 -2 10 1 10 8.69
8000 12 -6 16 5 19 6.15
8000 12 -4 9 5 55 8.50
8000 12 -2 10 1 10 9.44
8000 6 -9 16 1 6 5.57
8000 6 -6 14 1 7 4.69
8000 6 -4 14 5 21 6.51
8000 6 -2 10 2 20 9.51
HISSY
10.6?
fo Q 
MUSIC (cont
K \
NP NR RF ASR
8000 3 -20 16 1 6 2.94
8000 3 -16 9 1 11 2.69
8000 5 -9 9 2 22 6.63
8000 3 -6 9 1 11 6.69
8000 3 -4 14 2 14 7.38
8000 NC 14 1 7 1.75
8000 NC 9 1 11 1.88
4000 50 -9 8 1 12 1.50
125 100 -4 16 1 6 2.69
125 50 -2 16 1 6 : 2.94
125 25 -6 16 1 6 0.69
125 12 -16 16 1 6 0.50
125 3 -6 13 1 6 1.00
2000 100 +12 8 1 12 0.87
2000 25 +6 8 1 12 1.75
2000 6 +9 8 1 12 1.13
1000 25 +12 8 1 12 1.00
1000 6 +6 8 1 12 0.62
500 12 +16 8 1 12 : 1.13
250 25 +6 8 1 12 1.50
250 12 +16 8 1 12 0.87
250 - 12 _ t+4 8 1 12 2.50
250 6 +16 8 1 12 1.13
250 3 +12 8 1 12 : 1.88
250 3 +9 8 1 12 0.87
63 3 +9 8 1 12 0.50
PINK NOISE
4000 25 -4 12 1 8 8.75
4000 3 -6 12 1 8 8.69
2000 50 -6 16 1 ' 6 5.31
2000 25 -9 16 1 6 5.13
2000 25 -6 10 1 10 6.75
2000 25 -4 14 1 7 8.13
2000 25 -2 12 1 8 9.50
2000 12 -6 12 2 17 8.00
2000 12 -4 10 4 40 9.13
2000 12 -2 10 2 20 9.50
2000 6 -12 14 1 7 4.88
2000 6 -9 16 1 6 6.19
2000 6 -6 16 1 6 7.94
2000 . 6 -4 10 1 10 8.75
2000 6 -2 12 2 17 9.50
2000 3 -6 14 2 14 8.19
HISSY
HOLLOW
10.64
f 0  Q lDol
PINK NOISE (cont.)
2000 3 -4
2000 3 -2
1000 50 -6
1000 50 -4
1000 50 -2
1000 25 -6
1000 25 -4
1000 25 -2
1000 12 -12
1000 12 -6
1000 12 -4
1000 12 -2
1000 6 -12
1000 —  6 -9
1000 6 -6
1000 6 -4
1000 6 -2
1000 3 -12
1000 3 -9
1000 3 -6
1000 3 -4
1000 3 -2
500 200 -4
500 200 -2
500 100 -6
500 100 -4
500 100 -2
500 50 -6
500 50 -4
500 50 -2
500 25 -9
500 25 -6
500 25 -4
500 25 -2
500 12 -16
500 12 -12
500 12 -9
500 12 -6
500 12 -4
500 12 -2
500 6 -9
500 6 -6
500 6 -4
500 6 -2
500 3 -16
500 3 -12
500 3 -9
500 3 -6
500 3 -4
500 3 -2
NP NR RF ASR
HOLLOW
10 1 10 9-00
10 4 40 9.63
10 2 20 4.06
13 1 8 7.31
16 1 6 9.06
13 6 46 5.75
10 2 20 7.38
10 3 30 9.75
16 2 12 3.56
16 8 50 8.56
13 7 54 8.25
14 7 50 9.69
14 4 29 3.25
16 9 56 7.88
8 4 50 7.75
8 4 50 7.63
8 4 50 9.00
10 2 20 4.75
13 5 38 6.00
8 3 38 8.38
10 4 40 8.63
14 7 50 . 9.81
16 1 6 3.63
16 2 12 6.94
16 1 6 1.81
16 4 25 5.00
16 1 6 8.88
16 3 19 5.44
16 4 25 7.56
16 7 44 9.31
16 2 12 2.63
16 5 31 4.44
16 5 31 7.38
16 8 50 8.31
16 1 6 2.00
16 4 25 3.37
16 2 12 4.88
16 8 50 6.31
16 11 69 8.13
16 10 62 8.50
16 6 38 4.75
16 5 31 6.81
16 10 62 8.13
16 11 69 9.38
16 1 6 1.50
16 2 12 3.56
16 5 31 4.00
16 8 50 8.00
16 8 50 8.81
16 8 50 9.81
10.65
fo Q |Dj NP NR RF ASR
PINK NOISE (cont.)
250 200 -6 16 1 6 2.00
250 200 -4 8 2 25 4.38
250 200 -2 8 1 12 7.00
250 100 -9 11 1 9 1.56
250 100 -4 8 1 12 5.13
250 50 -6 8 1 12 3.37
250 50 -4 11 2 18 5.19
250 50 -2 16 4 25 8.06
250 25 -9 16 2 12 2.44
250 25 -6 11 1 9 4.00
250 25 -4 8 2 25 6.25
250 25 -2 8 2 25 9.50
250 12 -6 16 6 38 4.50
250 12 -4 11 6 55 _ 6.25
250 12 -2 13 7 54 9.75
250 6 -9 16 4 25 4.63
250 6 -6 10 6 60 6.56
250 6 -4 10 6 60 7.50
250 6 -2 10 6 60 9.38
250 3 -12 8 1 12 3.13
250 3 -9 11 5 45 4.81
250 3 -6 10 6 60 7.56
250 3 -4 8 5 62 9.13
250 3 -2 13 8 62 9.88
i. 125 25 -2 9 2 , 22 6.75
125 12 -2 15 2 13 8.75
125 6 -2 15 1 7 9.19
125 3 -2 15 1 . 7 9.75
2000 50 +12 8 1 12 2.63
2000 50 +2 8 2 25 8.88
2000 12 +12 8 1 12 4.13
2000 12 +2 8 2 25 9.63
2000 6 +16 14 1 7 5.07
2000 6 +4 8 1 12 7.38
2000 6 +2 14 1 .. 7 8.29
1000 25 +2 8 2 25 9.13
1000 12 +2 8 3 38 8.88
1000 6 +4 8 3 38 6.75
1000 6 +2 8 3 38 9.50
1000 3 +2 8 1 12 10.00
500 200 +2 8 1 12 7.13
500 100 +2 8 1 12 6.38
500 50 +2 8 3 38 6.63
500 25 +4 8 3 38 5.00
500 25 +2 8 3 38 8.88
500 12 +12 8 1 12 2.13
500 12 +2 8 4 50 9.63
500 6 +4 8 4 50 6.00
500 6 +2 8 5 62 8.88
HOLLOW
10.66
t Q |D0| NP NR RF ASR
PINK NOISE (cont.) HOLLOW
500 3 +16 8 1 12 6.00
500 3 +9 8 1 12 5.63
500 3 +4 8 2 25 8.88
500 3 +2 8 3 38 10.00
250 200 +2 8 2 25 5.00
250 100 +2 8 2 25 6.25
250 50 +4 7 1 14 3.00
250 50 +2 8 3 38 7.75
250 25 +2 7 3 43 8.57
250 12 +2 8 3 38 8.00
250 6 +4 8 4 50 7.25
250 6 +2 8 5 62 9.25
250 3 +12 8 1 12 5.13
250 3 +4 ‘ 8 2 25 6.75
250 3 +2 8 4 50 9.50
125 12 +2 8 1 12 7.00
125 6 +2 8 2 25 8.75
125 3 +4 8 1 12 5.88
125 3 +2 8 1 12 9.25
SPEECH
2000 12 -6 16 1 6 2.06
2000 12 -2 10 1 10 9.50
2000 3 -12 16 1 6 1.81
2000 3 -2 12 1 8 9.38
1000 100 -12 16 1 6 1.63
1000 50 -9 16 1 6 0.69
1000 50 -6 14 1 7 1.13
1000 25 -12 10 1 10 0.94
1000 25 -6 16 2 12 1.56
1000 25 -4 16 ' 4 25 5.75
1000 25 -2 14 8 57 9.13
1000 12 -9 8 1 12 2.38
1000 12 -4 16 5 31 7.31
1000 12 -2 14 9 64 9.44
1000 6 -6 14 5 . 36 3.19
1000 6 -4 13 3 23 7.00
1000 6 -2 14 11 79 9.63
1000 3 -9 8 2 25 2.25
1000 3 -6 8 2 25 2.50
1000 3 ~4 8 4 50 7.88
1000 3 -2 13 6 46 9.44
500 100 -16 16 1 6 2.88
500 100 -9 16 1 6 7.56
500 50 -6 16 1 6 8.38
500 50 -4 16 2 12 9.00
500 50 -2 16 4 25 9.81
500 25 -9 16 3 19 1.88
500 25 -6 16 4 25 4.38
10.67
V Q
SPEECH (cont.
PJ
)
NP NR RF ASR
500 25 -4 16 10 62 7.56
500 25 -2 16 13 81 9.94
500 12 -6 16 3 19 1.44
500 12 -4 16 8 50 7.75
500 12 -2 16 13 81 9.38
500 6 -9 16 2 12 1.51
500 6 -6 16 2 12 3.63
500 6 -4 16 10 62 7.81
500 6 -2 16 11 69 9.56.
500 3 -26 16 1 6 0.69
500 3 -12 16 1 6 1.19
500 3 -9 16 1 6 2.19
500 3 -6 16 6 38 4.88
500 3 -4 16 8 50 6.88
500 3 -2 16 . 9 56 9.50
250 25 -12 8 1 12 5.00
250 25 -9 10 1 10 6.81
250 25 -6 16 4 25 8.31
250 25 -4 16 2 12 9.56
250 25 -2 13 6 46 9.94
250 12 -9 10 1 10 2.69
250 12 -6 10 4 40 4.75
250 12 -4 16 6 38 8.00
250 12 -2 13 7 54 9.63
250 6 -6 13 2 15 4.63
250 6 -4 11 4 36 • 8.13
250 6 -2 13 4 31 9.75
250 3 -9 10 1 10 1.06
250 3 -6 10 2 20 2.31
250 3 -4 10 2 20 8.38
250 3 -2 11 5 45 9.56
125 25 -2 15 1 7 9.94
125 12 -2 9 1 11 9.81
2000 25 +16 14 1 7 0.50
2000 12 +2 14 1 7 6.86
1000 25 +6 8 1 12 3.50
1000 25 +2 8 2 25 8.88
1000 12 +4 8 1 12 4.88
1000 12 +2 8 5 62 8.75
1000 6 +4 8 1 12 3.13
1000 6 +2 8 2 25 8.50
1000 3 +16 8 1 12 3.87
1000 3 +9 8 1 . 12 3.63
1000 3 +4 8 1 12 7.75
1000 3 +2 8 1 12 9.88
500 100 +9 8 1 12 9.00
500 50 +6 8 1 12 9.13
500 50 +4 . 8 1 12 9.63
HOLLOW
10.68
fQ Q |D | NP NR RF ASR
SPEECH (cont. )
500 25 +16 8 1 12 6.25
500 25 +12 8 4 50 5.50
500 25 +6 8 2 25 7.13
500 25 +2 8 5 62 9.75
500 12 +6 8 3 38 3.13
500 12 +4 8 4 50 5.25
500 12 +2 8 6 75 9.13
500 6 +4 8 3 38 4.25
500 6 +2 8 7 87 8.63
500 3 +4 8 6 75 6.38
500 3 +2 8 8 100 9.63
250 50 +6 8 1 12 9.38
250 25 +16 8 2 25 8.13
250 -- 25 +12 8* 2 25 8.50
250 25 +9 8 2 25 8.25
250 25 +6 8 1 12 9.13
250 25 +2 8 4 50 10.00
250 12 +12 8- 2 25 7.00
250 12 +9 8 2 25 6.75
250 12 +6 8 3 38 8.63
250 12 +4 8 2 25 7.88
250 12 +2 8 4 50 8.63
250 6 +16 8 2 25 4.13
250 6 +12 8 1 12 3.13
250 • 6 +6 8 1 12 2.00
250 6 +4 8 1 12 * 4.63
250 6 +2 8 5 62 7.75
250 3 +16 8 1 12 5.50
250 3 +4 8 2 25 5.88
125 -. 6 +6 8 1 12 ; 3.63
MUSIC
4000 50 -2 16 1 6 6.81
4000 12 -2 16 1 6 8.81
4000 3 -4 16 1 6 8.31
2000 6 -4 16 1 6 7.88
2000 3 -4 16 1 ' 6 • 8.06
1000 200 -4 13 1 8 2.81
1000 100 -4 16 1 6 3.13
1000 100 -2 16 1 6 8.06
1000 50 -6 13 2 15 3-87
1000 50 -4 13 2 15 5.13
1000 25 -6 16 2 12 1.63
1000 25 -4 13 5 38 6.44
1000 25 -2 10 2 20 10.00
1000 12 — 6 16 2 12 2.25
1000 12 -4 8 2 25 6.38
1000 12 -2 10 2 20 9.44
1000 6 -6 14 2 14 3.75
HOLLOW
10-69
f0
MUSIC
Q
(cont.
W
)
NP NR RF ASR
1000 6 -4 14 4 29 6.65
1000 6 -2 10 2 20 9.88
1000 3 -4 14 - 4 29 7.56
1000 3 -2 10 3 30 9.69
500 200 -12 16 1 6 2.56
500 100 -4 16 1 6 5.00
500 50 -9 16 , 1 6 0.62
500 50 -4 16 1 6 2.44
500 50 -2 16 3 19 6.13
500 25 -4 16 1 6 1.50
500 25 -2 16 6 38 5.00
500 12 -4 16 2 12 2.50
500 12 -2 16 2 12 5.81
500 6 -6 16 1 6 1.81
500 6 -4 16 4 25 4.63
500 6 -2 16 6 38 6.75
500 3 -12 16 1 6 0.75
500 3 -6 16 3 19 2.19
500 3 -4 16 6 38 5.13
500 3 -2 16 10 62 8.56
250 50 -6 11 1 9 3.69
250 50 -2 16 3 19 8.69
250 25 -4 11 1 9 4.69
250 25 -2 8 1 12 9.50
"250 12 -4 10 2 20 4.81
250 12 -2 8 2 25 9.13
250 6 -6 13 2 15 2.75
250 6 -4 13 1 8 5.31
250 6 -2 8 2 25 9.38
250 3 -6 10 2 20 1.94
250 3 -4 13 2 15 5.81
250 3 -2 8 1 12 9.63
2000 3 +16 14 1 7 3.86
1000 200 +4 8 1 12 3.87
1000 200 +2 8 1 12 9.13
1000 100 +4 8 2 25 6.63
1000 100 +2 8 1 12 7.00
1000 50 +2 8 2 25 9.63
1000 12 +2 8 1 12 8.75
500 100 +12 8 1 12 6.25
500 50 +6 8 1 12 4.25
:500 50 +2 8 2 25 8.25
500 25 +4 8 1 12 3.13
500 12 +4 8 1 12 1.25
500 . 12 +2 8 3 38 6.38
500 6 +2 8 4 50 7.50
500 3 +16 8 1 12 4.50
500 3 +12 8 1 12 2.50
HOLLOW
10.70
f0
IUSIC
Q
(cont.)
Pol NP NR RF ASR
HOLLOW
500 3 +4 8 1 12 4.38
500 3 +2 8 4 50 9.25
250 50 +9 8 1 12 4.88
250 50 +6 8 1 12 5.25
250 50 +4 8 1 12 6.00
250 50 +2 8 1 12 9.13 -
250 12 +2 8 2 25 8.88
250 6 +2 8 _ 1 12 8.15 * „___
PINK NOISE HONKY
2000 25 « -4 14 1 ? 8.15
1000 200 -2 10 1 10 8.50
1000 100 -4 10 1 10 6.19
1000 25 -2 10 1 10 9.75
1000 12 -6 16 1 6 8.56
1000 12 -2 14 2 14 9.69
1000 6 -9 16 1 6 7.88
1000 6 -6 8 1 12 7.75
1000 6 -2 8 1 12 9.00
1000 3 -4 10 1 10 8.65
1000 3 -2 14 2 14 9.81
500 200 -2 16 2 12 • 6.94
500 100 -4 16 1 6 5.00
500 100 -2 16 2 12 8.88
500 50 -6 16 2 12 5.44
500 50 -4 16 2 12 7.56
500 50 -2 16 2 12 9.31
500 25 -6 16 1 6 4.44
500 25 -4 16 2 12 7.38
500 25 -2 16 2 12 8.51
500 12 -6 16 1 6 6.51
500 _ 12 -4 16 _ 2 12 8.15
500 12 -2 16 2 12 8.50
500 6 -4 16 4 25 8.15
500 6 -2 16 2 12 9.38
. 500 3 -6 16 1 6 8.00
500 3 -4 16 2 12 8.81
500 3 -2 16 1 6 9.81
250 200 -2 8 1 12 7.00
250 100 -2 13 2 15 8.65
250 50 -4 11 1 9 5.19
250 50 -2 16 2 12 8.06
250 25 -6 11 1 9 4.00
250 25 -2 8 1 12 9-50
250 12 -6 16 1 6 4.50
250 12 -4 11 1 9 6.25
10.71
fo Q IDol NP NR RF ASR
PINK NOISE (cont.)
250 12 -4 11 1 9 6.25
250 12 -2 13 3 23 9.75
250 6 -6 10 1 10 6.56
250 6 -4 10 1 10 7.50
250 6 -2 10 1 10 9.38
250 3 -6 10 1 10 7.56
250 . 3 -4 8 1 12 9.13
250 3 -2 3-3 2 15 9*88
125 100 -2 16 1 6 3.44
125 50 -4 16 1 6 2.31
125 50 -2 10 1 10 6.00
125 25 —6 16 1 6 2.75
2000 - 50 - +2 8 1 12 8.88
2000 25 +2 14 x 1 7 8.21
2000 6 +16 14 1 7 5.07
2000 6 +2 14 1 7 8.29
500 50 +2 8 1 12 6.63
250 12 +2 8 2 25 8.00
250 6 +2 8 1 12 9.25
250 3 +4 8 2 25 6.75
250 3 +2 8 1 12 9.50
125 100 +2 8 1 12 2.88
125 50 +2 8 1 12 4.00
125 25 +2 8 1 12 5.25
SPEECH
2000 3 -6 14 1 7 5.38
2000 3 -2 12 1 8 9.38
1000 100 -6 8 1 12 7.63
1000 50 -4 8 2 25 8.38
1000 50 -2 13 1 8 9.63
1000 25 -4 16 1 6 5.75
1000 25 -2 14 3 21 9.13
1000 12 -4 16 2 12 7.31
1000 12 -2 14 4 29 9.44
1000 6 -4 13 2 15 7.00
1000 6 -2 14 1 7 9.63
500 200 -16 16 2 12 4.81
500 200 -12 16 2 12 8.75
500 200 -9 16 2 12 8.94
500 200 -6 16 2 12 9.00
500 200 -4 16 2 12 9.75
500 200 -2 16 2 12 10.00
500 100 -12 16 2 12 7.44
500 100 -9 16 2 12 7.56
500 100 -6 16 2 12 9.56
500 100 -4 16 2 12 9.63
500 100 -2 16 2 12 9.81
HONKY
10*72
SPEECH (cont.)
500 50 -9
500 50 -6
500 50 -4
500 50 -2
500 25 -4
500 25 -2
500 12 -4
500 12 -2
500 6 -6
500 6 -4
500 6 : -2
500 3 -4
500 3 -2
250 200 -20
250 200 -16
250 200 -12
250 200 -6
250 200 -4
250 100 -20
250 100 -16
250 100 -12
250 100 -9
250 100 -6
250 100 : -4
250 100 -2
250 50 -16
250 50 -12
250 50 -9
250 50 -6
250 50 -4
250 25 -9
250 25 -6
250 25 -4
250 25 -2
250 12 -4
250 . 12 ; -2
250 6 -6
250 6 -4
250 6 -2
250 3 -4
125 100 -16
125 100 -12
125 100 -9
125 100 -6
125 100 -4
125 100 -2
125 50 -16
125 50 -12
125 50 -9
125 50 -6
HP NR RF ASR
16 3 19 6.25
16 2 12 8.38
16 3 19 9.00
16 2 12 9.81
16 2 12 7.56
16 2 12 9.94
16 3 19 7.75
16 2 12 9.38
16 1 - 6 3.63
16 2 12 7.81
16 1 6 9.56
16 1 6 6.88
16 1 6 9.50
8 1 12 5.13
10 1 , 10 7.69
13 1 8 8.88
13 1 8 9.75
10 1 10 9.88
16 2 12 4.44
16 2 12 7.44
16 3 19 8.88
16 3 19 9.13
10 1 10 9.44
16 3 19 9.94
13 1 8 10.00
16 3 19 • 5.25
11 1 9 6.81
16 3 19 9.31
13 2 15 9.38
10 1 10 9.75
10 3 30 6.81
16 6 38 8.31
16 5 31 9.56
13 3 23 9.94
16 4 25 8.00
13 4 31 9.63
13 1 8 4.63
11 1 9 8.13
13 1 8 9.75
10 1 10 8.38
15 2 13 1.13
10 1 10 4.56
16 2 12 7.06
9 1 11 8.75
15 2 13 8.94
15 2 13 9.81
16 1 6 1.50
15 2 13 3.87
16 2 12 6.56
10 1 10 8.44
HONKY
10.73
f0 Q PJ NP NR RF ASR
SPEECH (cont. )
125 50 -4 15 2 13 8.81
125 50 -2 15 1 7 9.81
125 25 -12 15 1 7 1.75
125 25 -9 15 2 13 4.31
125 25 -6 10 1 10 8.13
125 25 -4 . 15 2 13 9.44
125 25 -2 15 1 7 9.94
1000 50 +6 8 1 12 6.38
1000 25 +2 8 1 12 8.88
1000 12 +2 8 1 12 8.75
1000 3 +4 8. 1 12 7.75
500 200 +9 8 1 12 9.38 ■
500 100 +12 8 1 12 9.13 .
500 100 +2 8 1 12 9.88
500 50 +9 8 1 12 8.63
500 50 +6 8 2 25 9.13 *
500 50 +4 8 1 12 9.63 ■
500 25 +16 8 1 12 6.25
500 25 +12 8 1 12 5.50
500 25 +9 8 1 12 7.75 J
500 25 +2 8 . 2 25 9.75
500 12 +2 8 2 25 9.13
250 200 +16 8 1 12 9.50 :
250 ‘ 200 +12 8 1 12 9.75
250 100 +16 8 1 12 9.50
250 100 +4 8 1 12 9.88
250 50 +16 8 1 12 9.25
250 50 +6 8 1 12 9-38 l
250 25 +16 8 2 25 8.13 ‘
250 25 +12 8 2 25 8.50
250 25 +9 8 2 25 8*25
250 25 +6 8 1 12 9.13
250 25 +2 8 2 25 10.00
250 12 +16 8 3 38 8.38
250 12 +12 8 • 3 38 7.00
250 12 +9 8 2 25 6.75
250 12 +6 8 1 12 8.63
250 12 +4 8 4 50 . 7.88
250 - 12 +2 8 2 25 8.63
250 6 +4 8 1 12 4.63
250 6 +2 8 1 12 7.75
250 3 +2 7 1 14 9.29
125 100 +16 7 1 14 8.43
125 100 . +12 8 1 12 8.50
125 100 +9 8 1 12 8.88
125 100 +6 8 1 12 9.25
125 100 +4 8 1 12 9.38
125 100 +2 8 1 12 9.63
125 50 +16 8 1 12 9.00
HONKY
10.74
f0
SPEECH
Q
(cont.
Pol
)
NP NR RF ASR
125 50 +12 8 1 12 8.65
125 50 +9 8 1 12 8.50
125 50 +6 8 1 12 8.75
125 50 +4 7 1 14 9.71
125 50 +2 8 1 12 10.00
125 25 +16 8 1 12 8.25
125 25 +12 8 1 12 8.38
125 25 +9 8 1 12 8.38
125 25 +6 8 ' 1 12 8.63
125 25 +4 7 1 14 9.86
125 12 +12 8 1 12 7.13
125 12 +9 8 1 12 7.25
125
MUSIC
12 +6 8 2 25 7.38
4000 6 -6 15 1 7 6.69
4000 6 -4 . 15 1 7 8.44
2000 200 -6 14 1 7 4.75
2000 25 -6 14 1 7 6.50
2000 25 -4 14 2 14 8.63
2000 6 -6 16 1 6 4.88
2000 6 -4 16 1 6 7.88
2000 6 -2 12 1 8 9.75
2000 3 -12 14 2 14 3.81
2000 3 -9 14 . 1 7 4.13
2000 3 -6 10 2 20 5.50
2000 3 -4 16 1 6 8.06
1000 200 -4 13 1 8 2.81
1000 200 -2 16 4 25 9.00
1000 100 -2 16 4 25 8.06
1000 50 -6 13 1 8 3.87
1000 50 -4 13 1 8 5.13
1000 50 -2 16 2 12 9.31
1000 25 -4 13 1 8 6.44
1000 25 -2 10 4 40 10.00
1000 12 -4 8 - 2 25 6.38
1000 12 -2 10 5 50 9.44
1000 6 -6 14 2 14 3.75
1000 6 -4 14 4 29 6.63
1000 6 -2 10 5 50 9.88
1000 3 -9 8 1 12 2.00
1000 3 -4 14 4 29 7.56
1000 3 -2 10 2 20 9.69
500 200 -9 16 1 6 1.88
500 200 -6 16 1 6 6.50
500 200 -4 16 2 12 9.25
500 200 -2 16 2 12 9.88
500 100 -9 '16 1 6 0.75
500 100 -6 16 1 6 5.13
500 100 -f 16 1 6 5.00
HONKY
- A
10.75
fo Q 
IUSIC (cont.)
(D J
NP NR RF ASR
500 100 -2 16 3 19 9.00
500 50 -4 16 2 12 2.44
500 50 -2 16 4 25 6.13
500 25 -4 16 1 6 1.50
500 25 -2 16 4 25 5.00
500 12 -6 16 1 6 1.13
500 12 -4 16 1 6 2.50
500 12 -2 16 6 38 5.81
500 6 ■-16 16 1 6 0.38
500 6 -6 16 1 6 1.81
500 6 -4 : 16 3 19 4.63
500 6 -2 16 2 12 6.75
500 3 -6 16 1 6 2.19
500- 3 -4 16 3 19 5.13
500 3 -2 16 1 6 8.56
500 NC 16 1 6 0.62
250 200 -12 16 3 19 6.69
250 200 -9 16 2 12 9.75
250 200 -6 13 1 8 9.63
250 200 -2 16 2 12 9.88
250 100 -16 16 3 19 2.19
250 100 -12 16 1 6 5.56
250 100 -9 11 1 9 4.88
250 100 -6 16 1 6 6.81
250 100 -4 16 3 19 9.00
250 100 -2 16 3 19 9.88
250 50 -9 16 2 12 4.00
250 50 -4 11 1 9 5.75
250 50 -2 16 4 25 8.69
250 25 -9 11 1 9 3.31
250 25 -6 16 2 12 3.50
250 25 -4 11 1 9 4.69
250 25 -2 8 1 12 9.50
250 12 -6 16 1 6 2.38
250 12 -4 10 1 10 4.81
250 12 -2 8 3 38 9.13
250 6 -.9 16 1 6 1.06
250 6 -6 13 1 8 2.75
250 6 -4 13 3 23 5.31
250 6 -2 8 1 12 9.38
250 3 -6 10 1 10 1.94
250 3 -4 13 3 23 5.81
125 100 -9 15 1 7 0.62
125 100 -4 16 1 6 2.69
125 100 -2 9 1 11 8.31
125 50 -6 9 1 11 1.06
125 50 -4 16 1 6 1.38
125 50 -2 16 1 6 2.94
125 25 -2 15 1 7 5.63
63 50 -9 16 1 6 0.81
HONKY
10.76
f0 Q Pol NP NR RF ASR
MUSIC (cont. )
2000 100 +2 14 1 7 8.21
2000 6 +2 8 1 12 9.75
2000 3 +12 8 1 12 6.58
2000 3 +9 8 1 12 4.75
2000 3 +6 8 1 12 6.75
2000 3 +4 . 8 1 12 8.50
2000 3 +2 8 1 12 10.00
1000 25 +4 8 1 12 2.13
1000 12 +2 8 1 12 8.75
1000 6 +2 8 1 12 8.63
1000 3 +12 8 1 . 12 4.25
1000 3 +6 8 1 12 5.38
1000 3 +4 8 1 12 6.38
1000 3 +2 8 1 12 10.00
500 50 +2 8 3 38 8.25
500 12 +2 8 1 12 6.38
500 6 +2 8 1 12 7.50
500 3 +16 8 1 12 4.50
500 3 +9 8 1 12 3.00
500 3 +4 8 1 12 4.38
500 3 +2 8 2 25 9.25
250 200 +16 8 1 12 9.13
250 200 +9 8 1 12 9.25
250 200 +6 8 1- , V. 12 9.13
250 50 +6 8 2 25 5.25
250 50 +4 8 2 25 6.00
250 50 +2 8 2 25 9.13
250 12 +4 8 1 12 2.50
250 12 +2 8 1 12 8.88
250 6 +2 8 2 25 8.13
250 3 +2 8 1 12 9.88
125 100 +16 7 1 14 • 4.29
125 100 +9 8 1 12 6.00
125 100 +6 8 1 12 6.88
125 100 +4 8 1 12 8.63
125 100 +2 8 1 12 9.38
125 50 +16 8 1 12 1.88
125 50 +12 8 1 12 2.25
125 50 +9 8 1 12 2.88
125 50 +6 8 1 12 4.63
125 50 +4 8 1 12 4.25
125 50 +2 8 1 12 6.50
125 25 +4 8 1 12 4.13
125 • 12 +2 8 1 12 5.88
125 6 / +2 8 1 12 5.75
HONKY
10*77
f0
PINK
Q
NOISE
Pol
NP NR RF ASR
8000 50 -4 13 1 8 7.69
8000 50 -2 16 2 12 8.94
8000 25 -6 13 1 8 7.19
8000 25 -4 10 1 10 8.75
8000 25 -2 10 1 10 9.56
8000 12 -6 16 1 6 9.13
8000 12 -4 13 1 8 8.63
8000 12 -2 14 2 14 9.19
8000 6 -9 16 1 6 7.50
8000 6 -6 9 2 22 8.88
8000 6 -4 : 9 2 22 8.38
8000 6 -2 9 3 33 9.50
8000 5 -6 9 1 11 9.25
8000 - 5 -2 14 2 14 9.50
4000 200 -2 15 1 7 , 8.94
4000 100 -4 12 1 8 8.56
4000 100 -2 15 1 7 9.31
4000 50 -6 16 2 12 5.63
4000 50 -4 8 1 12 8.63
4000 25 -20 16 1 6 3.00
4000 25 -12 16 1 6 3.19
4000 25 -9 16 2 12 4.88
4000 25 -6 12 4 33 7.88
4000 25 -4 12 1 8 8.75
4000 25 -2 8 1 12 9.63
4000 12 -12 15 1 7 4.69
4000 12 -9 15 1 7 6.38
4000 12 -6 8 3 38 8.00
4000 12 -4 8 1 12 9.50
4000 12 -2 12 4 33 9.75
4000 6 -9 16 3 19 7.44
4000 6 -6 16 3 19 8.56
4000 6 -4 12 3 25 9.06
4000 6 -2 : 8 2 25 9.75
4000 5 -9 15 4 27 7.94
4000 3 -6 12 1 8 8.69
4000 3 -4. 12 4 33 9.38
4000 3 -2 8 2 25 9.88
2000 200 -2 16 2 12 6.25
2000 100 -6 10 1 10 4.19
2000 100 -4. 10 1 10 7.63
2000 100 -2 16 3 19 7.81
2000 50 -9 10 1 10 3.63
2000 50 -6 16 1 6 5.31
2000 50 -4 10 1 10 9.00
2000 50 -2 10 1 10 9.50
2000 25 -9 16 1 6 5-13
2000 25 -6 10 1 10 6.75
2000 25 -4 14 4 29 8.13
2000 25 -2 12 1 8 9.50
METALLIC
1 0 , 7 8
f0
PINK
Q
NOISE
lDol
(cont.)
NP NR RF ASR
2000 12 -12 16 1 6 3.44
2000 12 -9 16 1 6 5.44
2000 12 -6 12 3 25 8.00
2000 12 -4 10 1 10 9.13
2000 12 -2 10 1 10 9.50
2000 6 -9 16 1 6 6.19
2000 6 -6 16 1 6 7.94
2000 6 -2 12 2 17 9.50
2000 3 -9 16 1 6 7.00
2000 3 -4 10 1 10 9.00
2000 3 -2 10 1 10 9.63
1000 50 — 4 13 1 8 7.31
1000 50 -2 16 2 12 9.06
1000 6 -9 16 1 6 7.88
125 12 -16 16 1 6 1.81
4000 200 +2 8 1 12 7.88
4000 50 +2 8 1 12 9.25
4000 25 +4 9 2 22 6.44
4000 25 +2 - 8 2 25 9.63
4000 12 +2 8 2 25 9.13
4000 6 +6 8 1 12 6.13
4000 6 +4 8 2 25 8.75
4000 6 +2 8 2 25 9.63
4000 3 +4 8 2 25 9.75
4000 3 +2 8 2 25 9.88
2000 200 +4 8 1 12 4.13
2000 100 +2 8 1 12 8.50
2000 25 +4 8 1 12 5.13
2000 25 +2 14 1 7 8.21
2000 6 +4 8 2 25 7.38
2000 6 +2 14 2 14 8.29
2000 3 +6 8 2 25 8.75
2000 3 +4 8 1 12 9.13
2000 3 +2 14 2 14 9.86
1000 3 +4 8 2 25 9.25
1000 3 +2 8 1 12 10.00
500 3 +4 8 1 12 8.88
SPEECH
8000 12 -4 16 1 6 6.38
4000 50 -2 15 1 7 8.56
4000 25 -9 16 1 6 4.56
4000 12 -4 15 1 7 6.19
4000 12 -2 8 1 12 9.00
4000 6 -2 15 3 20 8.50
4000 3 -9 15 1 7 5.25
4000 3 -4 15 2 13 7.19
METALLIC
10.79
f0 Q Pol NP NR RF ASR
SPEECH (cont. )
2000 200 -12 10 1 10 1.81
2000 200 -9 10 1 10 2.88
2000 200 -6 14 4 29 7.94
2000 200 -4 14 5 36 8.88
2000 200 -2 14 3 21 9.69
2000 100 -9 12 1 8 1.75
2000 100 -6 14 3 21 4.81
2000 100 -4 10 1 10 8.06
2000 100 -2 16 4 25 9.56
2000 50 -6 14 4 29 6.88
2000 50 -4 16 3 19 4.94
2000 50 -2 16 5 31 9.31
2000 25 -4 16 4 25 7.06
2000 25 -2 . 12 2 17 8.51
2000 12 -4 16 3 19 6.88
2000 12 -2 10 3 30 9.50
2000 6 -6 . 14 1 7 4.44
2000 6 -4 12 1 8 7.69
2000 6 -2 16 2 12 7.44
2000 3 -2 12 2 17 « 9.38
1000 50 -2 13 1 8 9.63
1000 25 -4 16 1 6 5.75
1000 12 -4 16 2 12 7.31
125 50 -16 16 1 6 1.50
4000 100 +2 8 1 12 7.38
4000 6 +2 8 1 .12 8.63
* 4000 3 +2 8 2 25 9.88
2000 200 +16 8 3 38 8.38
2000 200 +12 8 1 12 6.88
2000 200 +9 8 2 25 8.63
2000 200 +6 8 3 38 9.25
2000 200 +4 14 4 29 8.43
2000 100 +16 8 3 38 4.88
2000 100 +12 8 1 12 5.88
2000 100 +9 8 3 38 7.50
2000 100 +6 8 2 25 7.50
2000 100 +4 8 3 38 8.50
2000 100 +2 8 2 25 9.63
2000 50 +16 8 1 12 3.37
2000 50 +12 8 2 25 3.75
2000 50 +6 8 1 12 5.50
2000 50 +4 . 8 1 12 7.13
200u 25 +2 8 1 12 7.63
2000 12 +6 8 1 12 2.00
2000 12 +4 8 s 1 12 3.75
2000 12 +2 14 2 14 6.86
2000 6 +2 8 1 12 8.13
2000 3 +2 14 2 14 9.36
METALLIC
10.80
f0
SPEECH
Q
(cont.
PJ
)
NP NR RF ASR
1000 200 +16 8 1 12 8,25
1000 200 +12 8 1 12 8.65
1000 200 +9 8 1 12 8.50
1000 200 +6 8 1 12 9.25
1000 200 +4 8 1 12 9.50
1000 100 +12 8 1 12 8.63
1000 100 +9 8 2 25 7.88
1000 100 +6 8 2 25 9.00
1000 100 +4 8 1 12 9.25
1000 100 +2 8 2 25 10.00
1000 50 +9 8 3 38 7.13
1000 50 +6 8 2 25 6.38
1000 50 +4 8 2 25 9.38
1000 6 +2 8 1 12 8.50
500 50 +12 8 1 12 8.63
MUSIC
8000 200 -2 16 1 6 6.06
8000 100 -2 16 1 6 5.75
8000 50 -6 13 1 8 4.06
8000 50 -2 16 1 6 7.94
8000 25 -4 13 1 8 6.25
8000 12 -12 16 1 6 2.94
8000 12 -6 16 1 6 6.13
8000 12 -4 9 1 11 8.50
8000 12 -2 10 1 10 9.44
8000 6 -12 14 1 7 2.31
8000 6 -4 14 2 14 6.31
8000 6 -2 10 1 10 9.31
8000 3 -20 16 1 6 2.94
8000 3 -12 13 1 8 3.69
8000 3 -9 9 1 11 6.63
8000 3 -6 9 1 11 6.69
8000 3 -4 14 1 7 7.38
8000 3 -2 10 1 10 8.94
4000 100 -6 8 1 12 1.88
4000 50 -12 15 1 7 1.13
4000 50 -6 15 1 7 2.63
4000 50 -4 15 1 . 7 3.00
4000 50 -2 16 5 31 6.81
4000 25 -2 8 2 25 8.88
4000 12 -6 16 1 6 3.75
4000 12 -4 12 2 17 7.19
"000 12 -2 16 5 31 8.81
4000 6 -6 15 2 13 6.69
- 4000 6 -4 15 • 4 27 8.44
4000 6 -2 8 ■2 25 9.38
4000 3 -6 12 2 17 6.13
4000 3 -4 16 6 38 8.31
4000 3 -2 12 2 17 9.63
METALLIC
10.81
fo Q 
MUSIC (cont.
PJ
)
NP NR RF ASR
2000 200 -16 12 1 8 1.00
2000 200 -9 16 1 6 2.65
2000 200 -6 14 2 14 4.75
2000 200 -4 16 4 25 4.56
2000 200 -2 12 4 33 9.65
2000 100 -9 12 1 8 2.44
2000 100 -6 12 2 17 5.81
2000 100 -4 16 5 31 4.81
2000 100 -2 14 5 36 9.75
2000 50 -6 16 5 31 6.25
2000 50 -4 16 5 31 7.06
2000 50 -2 16 8 50 9.75
2000 25 -16 16 1 6 1.25
2000 25 - --9 16- 2 12 . 2.81
2000 25 -6 14 4 29 6.50
2000 25 -4 14 5 36 8.65
2000 25 -2 12 3 25 9.65
2000 12 -12 10 1 10 . 1.75
2000 12 -9 10 1 10 5.06
2000 12 -6 16 4 25 5.44
2000 12 -4 10 2 20 7.65
2000 12 -2 16 11 69 9.31
2000 6 -12 12 1 8 1.44
2000 6 -9 10 1 10 2.44
2000 6 -6 16 5 31 4.88
2000 6 -4 16 7 44 7.88
2000 6 -2 12 6 50 9.75
2000 3 -9 14 3 21 4.13
2000 3 -4 16 5 31 8.06
2000 3 -2 10 2 20 9.19
1000 200 -4 13 1 8 2.81
1000 200 -2 16 2 12 9.00
1000 100 -2 16 2 12 8.06
1000 50 -6 13 1 8 3.87
1000 50 -4 13 1 8 5.13
1000 50 -2 16 4 25 9.31
1000 25 -4 13 1 8 6.44
1000 25 -2 10 1 10 10.00
125 50 -12 16 1 6 0.69
4000 200 +2 8 1 12 2.88
4000 12 +2 8 1 12 8.00
4000 6 +2 8 1 12 8.75
4000 3 +16 8 1 12 6.58
4000 3 +9 9 1 11 6.94
4000 3 +6 8 2 25 6.25
4000 3 +4 9 1 11 7.65
4000 3 +2 9 2 22 9.75
2000 200 +2 8 2 25 9.38
2000 100 +2 14 5 36 8.21
METALLIC
10.82
f0
MUSIC
Q
(cont.
Pol
)
NP NR RF ASR
2000 50 +2 14 6 43 8.21
2000 12 +16 8 1 12 2.25
2000 12 :+4 8 1 12 4.00
2000 12 +2 8 2 25 9.50
2000 6 : +4 14 1 7 2.14
2000 6 +2 8 1 12 9.75
2000 5 +2 8 1 12 10.00.
1000 200 +2 8 1 12 9.13
1000 100 +2 8 1 12 7.00
1000 12 +4 8 1 12 1.88
1000 6 +4 8 1 12 5.57
PINK NOISE
1000 5 -12 10 1 10 4.75
125 25 -20 10 1 10 1.25
125 25 -16 10 1 10 1.94
125 25 -4 10 1 10 4.25
125 12 -4 10 1 10 5.25
125 6 -9 10 1 10 5.25
2000 5 +2 14 1 7 9.86
1000 12 +16 8 1 12 5.88
1000 5 +16 8 1 12 ■ 7.50
500 5 +4 8 1 12 8.88
250 100 +9 7 1 14 3.00
SPEECH
4000 5 -4 15 2 15 7.19
2000 5 -4 16 2 12 7.25
1000 50 -16 16 1 6 0.69
1000 25 -4 16 1 6 5.75
1000 25 -2 14 1 7 9.15
1000 12 -2 14 1 7 9.44
1000 6 -4 15 5 25 7.00
1000 6 -2 14 1 7 9.63
1000 5 -4 8 1 12 7.88
1000 5 -2 15 5 58 9.44
3)0 6 -2 16 2 12 9.56
: 500 5 -6 16 1 6 4.88
500 5 -4 16 2 12 6.88
500 5 -2 16 4 25 9.50
250 . 12 -6 10 1 10 4.75
250 12 -4 16 6 58 8.00
250 12 -2 15 2 15 9.63
METALLIC
MUFFLED
10*83
f0 Q PJ
NP NR RF ASR
SPEECH (cont. 
250 6
)
-6 13 1 8 4-63
250 6 -4 11 3 27 8.13
250 6 -2 13 6 46 9.75
250 3 -12 8 1 12 1.88
250 3 -6 10 1 10 2.31
250 3 -4. 10 6 60 8.38
250 3 -2 11 5 45 9.56
125 12 -2 9 1 11 9.81
125 6 **4 15 3 20 7.31
125 6 -2 10 1 10 9.50
125 3 -12 10 . 1 10 1.75
125 3 -9 15 1 7 3.56
125 3 -6 15 1 7 5.13
125 — 3 -4 15 3 20 8.00
125 3 -2 10 1 10 10.00
63 3 -2 16 1 6 6.88
4000 3 +16 8 1 12 2.63
2000 6 +2 8 1 12 8.13
1000 12 +2 « 8 1 12 8.75
1000 6 +2 8 1 12 8.50
1000 3 +12 8 1 12 4.50
1000 3 +2 8 1 12 9.88
500 6 +4 8 1 12 4.25
500 3 +12 8 1 12 5.63
500 3 +6 8 1 12 4.75
250 12 +9 8 1 12 6.75
250 12 +2 8 1 12 8.63
250 6 +16 8 2 25 4.13
250 6 +12 8 1 12 3.13
250 6 +2 8 1 12 7.75
250 3 +16 8 1 12 5.50
250 3 +12 8 2 25 4.63
250 1 3 ^ +9 7 1 14 4.29
250 3 +6 8 1 12 1.38
250 3 +4 8 1 12 5.88
250 3 +2 7 5 71 9.29
125 12 +4 8 1 12 9.13
125 - 12 +2 8 1 12 9.50
125 6 +4 8 2 25 5.63
125 6 +2 7 1 14 8.43
125 3 +2 8 2 25 8.88
MUSIC
2000 6 -2 12 1 8 9.75
1000 3 -4 14 2 14 7.56
1000 3 -2 10 1 10 9.69
MUFFLED
10.84
fo Q 
MUSIC (cont.
P J
)
NP NR RF ASR
500 6 -4 16 1 6 4.63
500 6 -2 16 1 6 6.75
500 3 -4 16 1 6 4.13
500 3 -2 16 3 19 8.56
250 25 -2 i 8 1 12 9.50
250 12 -2 8 1 12 9.13
250 6 -2 : 8 4 50 9.38
250 3 -4 13 2 15 5.81
250 3 -2 8 6 75 9.63
125 50 -9 10 1 10 0.75
125 6 -20 10 1 10 0.56
125 6 -2 15 1 7 5.56
125 - 3 -2 15 4 27 8.19
4000 3 +16 8 1 12 6.38
4000 3 +12 8 1 12 6.75
2000 6 +16 8 1 12 2.75
2000 3 +16 14 3 21 3.86
2000 3 +12 8 3 38 6.38
1000 3 +16 I 8 1 12 4.50
1000 3 +12 8 1 12 4.25
1000 3 +2 : 8 1 12 10.00
500 —  6 +2 8 1 12 7.50
500 3 +16 8 2 25 4.50
500 3 +2 8 1 12 9.25
250 12 +2 8 2 25 8.88
250 6 +2 8 3 38 8.13
250 3 +2 8 5 62 9.88
125 3 +2 8 1 12 4.25
PINK NOISE
8000 200 -4 10 1 10 4.31
8000 200 -2 10 3 30 8.56
8000 100 -6 16 1 6 5.56
8000 25 -2 10 2 20 9.56
4000 200 -4 8 4 50 5.50
4000 200 -2 15 10 67 8.94
4000 100 -6 8 1 12 3.25
4000 100 -4 12 9 75 8.56
4000 100 -2 15 10 67 9.31
4000 50 -9 8 3 38 3.75
4000 50 -6 16 1 6 5.63
4000 50 -4 8 4 50 8.63
4000 50 -2 12 8 67 9.75
MUFFLED
RINGING
10.85
f0
PINK
Q
NOISE
P J
(cont.)
NP NR RF ASR
4000 25 -6 12 2 17 7.88
4000 25 -4 12 4 33 8.75
4000 25 -2 8 3 38 9.65
4000 12 -16 12 1 8 3.31
4000 12 -9 15 1 7 6.58
4000 12 -6 . 8 . 1 12 8.00
4000 12 -4 8 1 12 9.50
4000 12 -2 12 1 8 9.75
4000 6 -2 8 1 12 9.75
2000 200 -4 12 5 42 5.00
2000 200 -2 16 4 25 6.25
2000 100 -6 10 5 50 4.19
2000 100 -4 10 6 60 7.65
2000 — 100 -2 16 6 38 7.81
2000 50 -9 10 4 40 3.65
2000 50 -6 16 1 6 5.31
2000 50 -4 10 7 70 9.00
2000 50 -2 10 7 70 9.50
2000 25 -9 16 2 12 5.13
2000 25 -6 10 1 10 6.75
2000 25 -4 14 3 21 8.15
2000 25 -2 12 6 50 9.50
2000 12 -16 14 1 7 2.81
2000 12 -9 16 2 12 5.44
2000 12 -6 12 1 8 8.00
2000 12 -4 10 1 10 9.15
2000 12 -2 10 1 10 9.50
2000 6 -6 16 2 12 7.94
2000 6 -4 10 1 10 8.75
2000 6 -2 12 1 8 9.50
2000 3 -9 16 1 6 7.00
2000 3 -6 14 1 7 8.19
1000 200 -6 16 4 25 2.81
1000 200 -4 10 4 40 4.00
1000 200 -2 10 6 60 8.50
1000 100 -6 16 5 31 4.06
1000 100 -4 10 4 40 6.19
1000 ^ 100 -2 14 11 79 9.19
1000 50 -9 10 1 10 1.94
1000 50 -6 10 1 10 4.06
1000 50. -4 13 6 46 7.51
1000 50 -2 16 10 62 9.06
1000 25 -16 16 1 6 2.81
1000 25 -12 14 3 21 2.44
aooo 25 -9 16 4 25 4.00
1000 25 -6 13 1 8 5.75
.1000 - 25 -4 10 3 30 7.58
1000 .25 -2 10 3 30 9.75
1000 12 -16 8 1 12 2.58
1000 12 -12 16 2 12 3.56
RINGING
10*86
fo Q 
PINK NOISE
lDol 
(cont.)
NP NR RF ASR
1000 12 -9 14 2 14 2.38
1000 12 -4 13 1 8 8.26
1000 12 -2 14 1 7 9.69
500 200 -4 16 5 31 3.63
500 200 -2 16 9 56 6.94
500 100 -6 16 1 6 1.81
500 100 -4 16 4 25 5.00
500 100 -2 16 11 69 8.88
500 50 -6 16 1 6 5.44
500 50 -4 16 5 31 7.56
500 50 —2 16 6 38 9.31
500 25 -6 16 2 12 4.44
500 25 -4 16 4 25 7.38
500 ■ 25 -2 - 16 2 - 12 8.31
500 12 -12 16 1 6 3.37
500 12 -9 16 2 12 4.88
500 12 -6 16 2 * 12 6.31
500 12 -2 16 2 12 8.50
500 6 -6 16 1 6 6.81
" 500 6 -4 16 1 6 8.13
250 200 -4 8 2 25 4.38
250 200 -2 8 4 50 7.00
250 100 -9 11 1 9 1.56
250 100 -4 8 3 38 5.13
250 100 -2 13 8 62 8.63
250 50 -9 8 1 12 2.00
250 50 -6 8 1 ; 12 3.37
250 50 -4 11 4 36 5.19
250 50 -2 16 5 31 8.06
250 25 -9 16 1 6 2.44
250 25 -6 11 3 27 4.00
250 25 -4 8 3 38 6.55
250 25 -2 8 3 38 9.50
250 12 -9 13 1 8 2.56
250 6 -9 16 1 6 4.63
125 100 -2 16 2 12 3.44
125 50 -2 10 4 40 6.00
125 25 -4 10 2 20 4.25
125 12 -4 10 2 20 5.25
125 6 -9 10 2 20 3.25
4000 200 +2 8 5 62 7.88
4000 100 +2 8 5 62 8.75
4000 50 +4 8 1 12 3.75
4000 50 +2 8 4 50 9.25
4000 25 +2 8 1 12 9.63
2000 200 +4 8 1 12 4.13
2000 200 +2 8 3 38 8.00
2000 100 +2 8 5 62 8.50
RINGING
10.87
f0
PINK
Q
NOISE
Pol
(cont*)
NP NR RF ASR
2000 50 +4 14 5 21 3.86
2000 50 +2 8 2 25 8.88
2000 25 +4 8 1 12 5.13
2000 25 +2 14 4 29 8.21
2000 6 +2 14 1 7 8.29
1000 200 +2 8 5 62 7.25
1000 100 +2 8 4 50 7.88
1000 50 +2 8 4 50 9.25
1000 25 +4 8 3 38 5.13
1000 25 +2 8 2 25 9.13
1000 12 +2 8 1 . 12 8.88
1000 6 +6 8 1 12 3.75
500 200 +12 8 1 12 1.25
500 200 +6 8 1 12 2.88
500 200 +4 8 1 12 2.50
500 200 +2 8 5 62 7.13
500 100 +12 8 1 12 2.00
500 100 +9 8 1 12 1.50
500 100 +6 8 1 12 2.13
500 100 +2. 8 3 38 6.38
500 50 +2 8 1 12 6.63
500 25 +4 8 1 12 5.00
250 200 +16 8 1 12 1.63
250 . 200 +12 8 1 12 2.00
250 200 +6 8 1 12 2.00
250 200 +4 7 2 29 3.86
250 200 +2 8 1 12 5.00
250 100 +6 8 1 12 2.00
250 100 +2 8 3 38 6.25
250 50 +2 8 2 25 7.75
250 25 +2 7 1 14 8.57
125 100 +16 8 1 12 2.63
125 100 +12 7 1 14 1.86
125 100 +6 8 1 12 1.63
125 100 +4 8 1 12 2.50
125 25 +2 8 1 12 5.25
SPEECH
8000 200 -2 13 2 15 3.87
8000 50 -2 13 2 15 7.63
4000 200 -6 12 2 17 1.69
4000 200 -4 12 2 17 3.13
4000 200 -2 12 8 67 8.50
4000 100 -6 12 1 8 1.56
4000 100 -4 8 3 38 4.00
4000 100 -2 15 10 67 7.81
4000 50 -9 8 1 12 2.50
4000 50 -6 12 4 33 6.19
4000 50 -4 16 2 12 4.31
RINGING
10*88
f Q Id NP NR RF ASR0
SPEECH
4000
(cont#
50
I ol
)
-2 15 8 53 8.56
4000 25 -4 15 5 33 6.50
4000 . 25 -2 8 4 50 8.00
4000 12 -9 15 1 7 3.06
4000 12 -4 15 3 20 6.19
4000 6 -6 12 1 8 7.63
4000 3 -4 15 1 7 7.19
2000 200 -9 10 2 20 2.88
2000 200 -6 14 7 50 7.94
2000 200 -4 14 9 64 8.88
2000 200 -2 14 11 79 9.69
2000 100 -9 12 1 8 1.75
2000 ‘ 100 -6 14 3 21 4.81
2000 100 -4“ 10 7 70 8.06
2000 100 -2 16 10 62 9.56
2000 50 -12 14 1 7 1.44
2000 50 -9 10 1 10 1.56
2000 50 -6 14 6 43 6.88
2000 50 -4 16 4 25 4.94
2000 50 -2 16 7 44 9.31
2000 25 -6 16 1 6 1.75
2000 25 -4 16 5 31 7.06
2000 25 -2 12 7 58 8.31
2000 12 -4 16 3 19 6.88
2000 6 -9 10 1 10 2.00
2000 6 -4 12 1 8 • 7.69
2000 3 -4 16 1 6 7.25
1000 200 -16 8 1 12 1.50
1000 200 -12 14 12 86 5.38
- -1000 200 -9 13 10 i 77 5.50
1000 200 -6 14 14 100 8.63
1000 200 -4 8 8 100 9.00
1000 200 -2 13 13 100 9.44
1000 100 -12 16 1 6 1.63
1000 100 -9 16 4 25 1.38
1000 100 -6 8 7 87 7.63
1000 100 -4 16 15 94 9.31
1000 100 -2 14 14 100 9.81
1000 50 -6 14 1 7 1.13
1000 50 -4 8 5 62 8.38
1000 50 -2 13 11 85 9.63
1000 25 -4 16 1 6 5.75
1000 25 -2 14 1 7 9.13
1000 12 -6 8 1 12 . 3.13
500 200 -20 16 1 6 1.38
500 200 -16 16 5 31 4.81
500 200 -12 16 14 87 8.75
500 200 -9 16 14 87 8.94
500 200 -6 16 13 81 9.00
500 200 -4 16 14 87 9.75
RINGING
10.89
*
f Q Id I NP NR RF ASR 
o I o»
SPEECH (cont.)
500 200 -2 16 14 87 10.00
500 100 -20 16 1 6 1.38
500 100 -16 16 5 19 2.88
500 100 -12 16 12 75 7.44
500 100 -9 16 10 62 7.56
500 100 -6 16 15 81 9.56
500 100 -4 16 14 87 9.63
500 100 -2 16 14 87 9.81
500 50 -12 16 2 12 2.13
500 50 -9 16 8 50 6.25
500 50 -6 16 11 69 8.38
500 50 -4 16 11 69 9.00
500 50 -2 16 10 62 9.81
500 25 -9 16 1 6 1.88
500 25 -6 16 2 12 4.38
500 25 -4 16 1 6 . 7.56
500 25 -2 16 1 6 9.94
500 12 -4 16 2 12 7.75
500 6 -4 16 1 6 7.81
250 200 -20 8 4 50 5.15
250 200 -16 10 6 60 7.69
250 200 -12 15 12 92 8.88
250 200 -9 11 11 100 9.06
250 200 -6 15 12 92 9.75
250 200 -4 10 7 70 9.88
250 200 -2 11 11 100 • 9.88
250 100 -20 16 6 58 4.44
250 100 -16 16 11 69 7.44
250 100 -12 16 12 75 8.88
250 100 -9 16 12 75 9.15
250 100 -6 . 10 7 70 9.44
250 100 -4 16 12 75 9.94
250 100 -2 15 12 92 10.00
250 50 -16 16 7 44 5.25
250 50 -12 11 7 64 6.81
250 50 -9 16 11 69 9.51
250 50 -6 15 11 85 9.58
250 50 -4 10 7 70 9.75
250 50 -2 11 10 91 9.88
250 25 -12 8 2 25 5.00
250 25 -9 10 5 50 6.81
250 25 -6 16 4 25 8.31
250 25 -4 16 7 44 9.56
250 25 -2 15 4 51 9.94
250 12 -9 10 1 10 2.69
250 6 -6 15 1 8 4.63
125 100 -16 15 1 7 1.15
125 100 -12 10 5 50 4.56
125 100 -9 16 8 50 7.06
125 100 -6 9 5 56 8.75
RINGING
10# 90
fo
SPEECH
Q
(cont.
Pol
)
NP NR RF ASR
125 100 -4 15 9 60 8.94
125 100 -2 15 9 60 9.81
125 50 -12 15 5 33 3.87
125 50 -9 16 7 44 6.56
125 50 -6 10 6 60 8.44
125 50 -4 15 7 47 8.81
125 50 -2 15 10 67 9.81
125 25 -12 15 1 7 1.75
125 - 25 -9 15 4 27 4.31
125 25 -6 10 6 60 8.15
125 25 -4 15 8 53 9.44
125 25 -2 15 5 33 9.94
125 12 -4 10 1 10 7.88
125 12 -2 9 . 1 11 9.81
4000 200 +9 8 1 12 1.38
4000 200 +6 8 1 12 1.25
4000 200 +4 8 2 25 1.38
4000 100 +2 8 4 50 7.38
4000 50 +4 9 1 11 2.44
4000 25 +2 8 1 12 7.25
4000 12 +4 8 2 25 2.75
2000 200 +16 8 3 38 8.38
2000 200 +12 8 2 25 6.88
2000 200 +9 8 4 50 8.63
2000 200 +6 8 2 25 9.25
2000 200 +4 14 9 64 8.43
2000 100 +16 8 1 12 4.88
2000 100 +12 8 1 12 5.88
2000 100 +9 8 2 25 7.50
2000 100 +6 8 2 25 7.50
2000 100 +4 8 2 25 8.50
2000 100 +2 8 4 50 9.63
2000 50 +12 8 1 12 3.75
2000 50 +6 8 2 25 5.50
2000 50 +4 8 3 38 7.13
2000 25 +2 8 1 12 7.63
2000 12 +4 8 1 12 3.75
2000 12 +2 14 1 7 6.86
1000 200 +16 8 7 87 8.25
1000 200 +12 8 7 87 8.63
1000 200 +9 8 7 87 8.50
1000 200 +6 8 6 75 9.25
1000 200 +4 8 7 87 9.50
1000 100 +16 8 7 87 8.13
1000 100 +12 8 6 75 8.63
1000 100 +9 8 5 62 7.88
1000 100 +6 8 6 75 9.00
1000 100 +4 8 7 87 9.25
1000 100 +2 8 6 75 10.00
RINGING
10*91
fo Q 
SPEECH (cont
.Pol...
.)
HP HR RF ASR
1000 50 +16 8 2 25 4.88
1000 50 +12 8 1 12 4.00
1000 50 +9 8 2 25 7.13
1000 50 +6 8 3 38 6.58
1000 50 +4 8 5 62 9.38
1000 25 +6 8 1 12 3.50
1000 25 +2 8 2 25 8.88
500 200 +16 8 8 100 9.63
500 200 +12 8 8 100 9.00
500 200 +9 8 7 87 9.38
500 200 +6 8 8 100 9.88
500 200 +4 8 8 100 9.63
500 100 +16 8 7 87 8.63
500 100 +12 8 7 87 9.13
500 100 +9 8 7. 87 9.00
500 100 +6 8 8 100 9.50
500 100 +4 8 8 100 10.00
500 100 +2 8 7 87 9.88
500 50 +16 8 8 100 7.88
' 500 50 +12 8 5 62 8.63
500 50 +9 8 7 87 8.63
500 50 +6 8 5 62 9.13
500 50 +4 8 5 62 9.63
500 25 +16 8 2 25 6.25
500 25 +12 8 1 12 5.50
500 25 +9 8 3 38 7.75
500 25 +6 8 2 25 7.13
500 25 +2 8 1 12 9.75
500 12 +9 8 1 12 3.63
500 12 +4 8 1 12 5.25
250 200 +16 8 6 75 9.50
250 200 +12 8 7 87 9.75
250 200 •*•9 7 7 100 9.29
250 200 +6 8 8 100 9.88
250 200 +4 8 7 87 9.88
250 '• 100 '-■+1-6 8 - 7 87 9.50
250 100 +12 8 6 75 9.88
250 100 +9 8 6 75 10.00
250 100 +6 8 8 100 - 9.50
250 100 +4 8 7 87 9.88
250 100 +2 8 8 100 9.88
250 50 +16 8 7 87 9.25
250 50 +12 7 7 100 9.29
250 50 +9 7 6 86 9.14
250 50 +6 8 5 62 9.38
250 50 +4 7 7 100 10.00
250 25 +16 8 2 25 8.13
250 25 +12 8 3 38 8.50
250 25 +9 8 2 25 8.25
250 25 +6 8 5 62 9.13
RINGING
10-92
fo Q 
SPEECH (cont
K \
.)
NP NR RF ASR
250 25 +2 8 1 12 10.00
250 12 +16 8 2 25 8.38
250 12 +6 8 1 12 8.63
125 100 +16 7 3 43 8.43
125 100 +12 8 3 38 8.50
125 100 +9 8 4 50 8.88
125 100 +6 8 5 62 9.25
125 100 +4 8 5 62 9.38
125 100 +2 8 4 50 9.63
125 50 +16 8 4 50 9.00
125 50 +12 8 2 25 8.63
125 50 +9 8 3 38 8.50
125 50 +6 8 4 50 8.75
- -125 1 50 +4 T'r 3" ‘ 43 9.71
125 50 +2 8 5 62 10.00
• 125 25 +16 8 2 25 8.25
125 25 +12 8 2 25 8.38
125 25 +9 8 2 25 8.38
125 25 +6 8 3 38 8.63
125 25 +4 7 3 43 9.86
125 25 +2 8 3 38 9.88
125 12 +12 8 1 12 7.13
125 12 +9 8 1 12 7.25
125 12 +6 8 1 12 7.38
125 12 +4 8 - 1. 12 9.13
125
MUSIC
6 . +12 8 1 12 ■ 3.25
8000 200 -2 16 1 6 6.06
8000 100 -2 16 3 19 5.75
8000 50 -2 16 1 6 7.94
8000 25 -2 10 2 20 8.69
'4000 50 -2 16 1 6 6.81
2000 200 -12 10 2 20 2.19
2000 200 -9 16 1 6 2:63
2000 200 -6 14 1 7 4.75
2000 200 -4 16 2 12 4.56
2000 200 -2 12 7 58 9.63
2000 100 -9 12 1 8 2.44
2000 100 -6 12 4 33 5.81
2000 100 -4 16 1 6 4.81
2000 100 -2 14 8 57 9.75
2000 50 -12 16 1 6 2.88
2000 50 -9 12 2 17 3.13
2000 50 -6 16 4 25 6.25
2000 50 -4 16 2 12 7.06
2000 50 -2 16 8 50 9.75
2000 25 -12 14 1 7 3.13
2000 25 -6 14 2 14 6.50
2000 25 -4 14 3 21 8.63
RINGING
I ' )U
i r i
10.93
fo
MUSIC
Q
(cont.
N
)
NP NR RF ASR
2000 25 -2 12 7 58 9.63
2000 12 -9 10 1 10 3.06
2000 12 -6 16 2 12 5.44
2000 12 -4 10 2 20 7.63
2000 12 -2 16 3 19 9.31
2000 6 -6 16 1 6 4.88
2000 6 -2 12 1 8 9.75
2000 3 -16 16 1 6 1.94
2000 3 -12 14 1 7 3.81
2000 3 -6 10 1 10 5.50
2000 3 -2 10 1 10 9.19
2000 NC 10 1 10 1.19
1000 200 -9 16 1 6 1.19
1000 “200 -4 13 1 8 2.81
1000 200 -2 16 9 56 9.00
1000 100 -2 16 5 31 8.06
1000 50 -6 13 2 15 3.87
1000 50 -4 13 1 8 5.13
1000 50 -2 16 8 50 9.31
1000 25 -4 13 2 15 6.44
1000 25 -2 10 2 20 10.00
1000 12 -12 16 1 6 1.06
500 200 -16 16 2 12 1.13
500 200 -12 16 2 12 2.56
500 200 -9 16 3 19 1.88
500 200 -6 16 10 62 6.50
500 200 -4 16 14 87 9.25
500 200 -2 16 14 87 9.88
500 100 -6 16 7 44 5.13
500 100 -4 16 7 44 5.00
500 100 -2 16 12 75 9.00
500 50 -4 16 2 12 2.44
500 50 -2 16 4 25 6.13
500 25 -4 16 1 6 1.50
500 12 -2 16 1 6 5.81
500 3 -26 16 1 6 1.00
250 200 -20 11 2 18 1.94
250 200 -16 11 5 45 3.50
250 200 -12 16 9 56 6.69
250 200 -9 16 14 87 9.75
250 200 -6 13 12 92 9.63
250- 200 -4 11 11 100 9.88
250 200 -2 16 14 87 9.88
250 100 -16 16 2 12 2.19
250 100 -12 16 10 62 5.56
250 100 -9 11 5 45 4.88
250 100 -6 16 11 69 6.81
250 100 -4 16 11 69 9.00
250 100 -2 16 12 75 9.88
250 50 -9 16 4 25 4.00
ringing
10,94
fo
MUSIC
Q
(cont
Pol
>0
NP NR
250 50 -6 11 4
250 50 -4 11 7
250 50 -2 16 5
250 25 -12 11 1
250 25 -9 11 4
250 25 . -6 16 2
250 25 -4 11 3
250 25 -2 . 8 3
250 12 -16 8 1
250 12 -6 16 1
250 12 -4 10 1
250 6 -12 13 1
250 6 -9 16 1
250 6 -6 13 1
250 6 -4 13 3
250 3 -12 11 3
250 3 -4 13 1
250 NC 10 1
250 NC 15 1
125 100 -4 16 * 3
125 100 -2 9 3
125 12 -2 16 1
2000 200 +6 14 1
2000 200 ,. +4 8 r 1
2000 200 +2 8 5
2000 100 +4 14 3
2000 100 +2 14 7
2000 50 +9 14 1
2000 50 +4 8 2
2000 50 +2 14 3
2000 12 +2 8 2
2000 6 +2 8 1
1000 200 +6 8 1
1000 200 +4 8 1
1000 "200 +2 8 5
1000 100 +4 8 3
1000 100 +2 8 2
1000 50 +2 8 5
500 200 +16 8 8
500 ::1 200 +9 8 8
500 200 +6 8 8
500 200 +4 8 8
500 200 +2 8 8
500. 100 +16 8 4
500 100 +12 8 4
500 100 +6 8 6
500 100 +4 8 8
500 100 +2 8 8
500 50 +9 8 2
HP ASR
RINGING
36 3.69
64 5.75
31 8.69
9 1.00
36 3.31
12 3.50
27 4.69
38 9.50
12 0.50
6 2.58
10 4.81
8 1.56
6 1.06
8 2.75
23 5.31
27 1.31
8 5.81
10 1.06
8 0.62
19 2.69
33 8.31
6 4.75
7 1.71
12 2.88
62 9.38
21 3.00
50 8.21
7 0.57
25 4.25
21 8.21
25 9.50
12 9.75
12 2.75
12 3.87
62 9.13
38 6.63
25 7.00
62 9.63
100 8.75
100 9.25
100 8.75
100 9.75
100 10.00
50 5.50
50 6.25
75 8.63
100 8.50
100 10.00
25 2.75
10.95
f Q [D | NP NR RF ASR
MUSIC (cont.)
500 50 +6 . 8 2 25 4.25
500 50 +4 8 5 38 4.75
500 50 +2 8 . 2 25 8.25
500 25 +4 8 1 12 3.13
500 12 +2 8 1 12 6.58
250 200 +16 8 7 87 9.13
250 200 +9 8 7 87 9.25
250 200 +6 8 i 7 87 9.13
250 200 +4 7 7 100 10.00
250 200 +2 8 7 87 10.00
250 100 +16 8 5 62 9.38
250 100 +12 7 7 100 8.29
250 100 +6 8 8 100 9.38
250 100~ +4 8 7 87 9.38
250 100 +2 8 7 87 9.50
250 50 +16 7 1 14 2.71
250 50 +12 7 5 43 3.71
250 50 ‘ +9 8 5 38 4.88
250 50 +6 8 5 38 5.25
250 50 +4 8 3 38 6.00
250 50 +2 8 3 38 9.13
250 12 +2 8 1 12 8.88
125 100 +16 7 1 14 4.29
125 100 +12 8 2 25 3.37
125 100 +9 8 3 38 6.00
125 100 +6 8 2 25 6.88
125 100 +4 8 4 50 8.65
125 100 +2 8 4 50 9.38
125 50 +6 8 1 12 4.65
125 50 +4 8 3 38 4.25
125 50 +2 8 3 38 6.50
PINK NOISE
8000 200 -4 10 1 10 4.31
8000 200 -2 10 2 20 8.56
8000 100 -6 16 1 6 5.56
8000 100 -4 10 3 30 6.58
8000 50 -9 10 1 10 3.19
8000 50 -4 13 2 15 7.69
8000 50 -2 16 i 3 19 8.94
8000 25 -4 10 4 , 40 8.75
8000 25 -2 10 3 30 9.56
8000 12 -12 16 1 6 4.81
8000 12 -6 16 5 31 9.13
8000 12 -4 13 2 15 8.65
8000 12 -2 14 4 29 9.19
8000 6 -12 14 2 14 5.25
RINGING
SHRILL
10.96
fo Q
PINK NOISE
P J
NP NR RF ASR
8000 6 -9 16 2 12 7.50
8000 6 -6 9 1 11 8.88
8000 6 -4 9 1 11 • 8.58
8000 3 -6 9 1 11 9.25
8000 3 -4 10 1 10 9.65
8000 3 -2 14 1 7 9.50
4000 50 -6 16 1 6 5.65
4000 25 -9 16 2 12 4.88
4000 25 -6 12 2 17 7.88
4000 25 -4 12 1 8 8.75
4000 25 -2 8 1 12 9.65
4000 12 -12 15 1 7 4.69
4000 12 -4 8 1 12 9.50
4000 12 -2 12 1 8 9.75
4000 6 -16 12 1 8 3.94
4000 6 -9 16 3 19 7.44
4000 6 -6 16 4 25 8.56
4000 6 -4 12 2 17 9.06
4000 3 -12 8 1 12 6.65
4000 3 -9 15 1 7 7.94
4000 3 -6 12 1 8 8.69
4000 3 -4 12 1 8 9.38
4000 3 -2 8 1 12 9.88
2000 25 -2 12 1 8 9.50
2000 12 -12 16 1 6 3.44
2000 12 -9 16 1 6 5.44
65 6 -9 16 1 6 2.13
4000 25 +2 8 1 12 9.65
4000 12 +9 8 1 12 2.88
4000 12 +2 8 2 25 9.13
4000 6 +16 8 1 12 6.25
4000 6 +6 8 1 12 6.15
4000 6 +4 8 1 12 8.75
4000 . 6 +2 8 1 12 9.65
4000 3 +16 8 1 12 8.65
4000 3 +9 8 1 12 8.65
4000 3 +6 8 2 25 8.50
4000 3 +4 8 1 12 9.75
4000 3 +2 8 1 12 9.88
2000 3 +2 14 2 14 9.86
1000 6 +12 8 1 12 4.88
1000
SPEECH
3 +12 8 1 12 6.88
8000 200 -12 14 1 7 0.87
8000 100 -20 16 1 6 1.06
8000 100 -2 14 1 7 1.65
8000 50 -2 13 3 23 7.65
SHRILL
10.97
fo ■ V
SPEECH (cont
(Dol
.)■
NP NR RF ASH
8000 25 -6 16 1 6 2.31
8000 25 -4 16 2 12 5.06
8000 25 -2 14 1 7 3.69
8000 12 -16 16 1 6 1.00
8000 12 -12 14 1 7 1.25
8000 12 -4 16 2 12 6.38
8000 12 -2 14 2 14 5.50
8000 6 -6 14 2 14 2.69
8000 6 -4 13 1 8 6.44
8000 6 -2 14 2 14 7.69
8000 3 -16 16 1 6 1.25
8000 3 -2 13 2 15 8.19
4000 200 -4 12 1 8 3.13
4000 > 100 -9 8 *1 = - 12 1.50
4000 50 -6 12 2 17 6.19
4000 50 -4 16 1 6 4.31
4000 50 -2 15 1 7 8.56
4000 25 -4 15 1 7 6.50
4000 12 -6 16 2 12 2.50
4000 12 -4 15 1 7 r 6.19
4000 6 -16 12 1 8 1.13
4000 6 -6 12 4 33 7.63
4000 6 -4 8 1 12 6.00
4000 3 -16 15 1 7 1.25
4000 3 -6 12 2 17 , 4.56
4000 3 -4 15 2 13 7.19
4000 3 -2 8 1 12 7.75
4000 12 +2 8 1 12 6.38
4000 6 +2 8 1 12 8.63
4000 3 +4 8 1 12 1 7.13
4000 3 +2 8 1 12 9.88
2000 12 +2 14 1 7 6.86
2000 6 +2 8 1 12 8.13
2000 3 +2 14 3 21 9.36
MUSIC
8000 200 -4 13 1 8 3.19
8000 200 -2 16 6 38 6.06
8000 100 -4 16 3 19 2.31
8000 100 -2 16 2 12 5.75
8000 50 -9 16 2 12 : 3.31
8000 50 -6 13 1 8 4.06
8000 50 -4 13 2 15 4.94
8000 50 -2 16 5 31 7.94
8000 25 -9 13 1 8 2.94
8000 25 -4 13 2 15 6.25
8000 25 -2 10 5 50 8.69
8000 12 -9 10 2 20 2^94
8000 12 -6 16 5 31 6.13
SHRILL
j : u  .
10.98
f0
MUSIC
Q
(cont .)
NP NR RF ASR
8000 12 -4 9 3 33 8.50
8000 12 -2 10 5 50 9-44
8000 6 -9 16 1 6 3.37
8000 6 -6 14 2 14 4.69
8000 6 -4 14 1 7 6.31
8000 6 -2 10 3 30 9.31
8000 3 -20 16 1 6 2.94
8000 3 -16 9 2 22 2.6 9
8000 3 -9 9 1 11 6.63
8000 3 -6 9 6 67 6.6 9
8000 3 -4 14 4 29 7.38
8000 3 -2 10 7 70 8.94
4000 200 -2 8 2 25 2.75
4000 100 -9 8 1 12 1.75
4000 100 -2 12 4 33 4.75
4000 50 -6 15 1 7 2.63
4000 50 -4 15 2 13 3.00
4000 50 -2 16 5 31 6.81
4000 25 -6 12 2 17 3.00
4000 25 -4 12 4 33 3.69
4000 25 -2 8 4 50 8.88
4000 12 -6 16 4 25 3.75
4000 12 -4 12 6 50 7.19
4000 12 -2 16 6 38 8.81
4000 6 -16 15 1 7 1.75
4000 6 -9 8 2 25 • 2.25
4000 6 -6 15 3 20 6.69
4000 6 -4 15 5 33 8.44
4000 6 -2 8 3 38 9.38
4000 3 -12 12 1 8 2.25
4000 3 -9 12 3 25 3.56
4000 3 -6 12 5 42 6.13
4000 3 -4 16 4 25 8.31
4000 3 -2 12 5 42 9.63
4000 NC 12 1 8 1.38
4000 200 +2 8 1 12 2.88
4000 50 +2 8 2 25 4.50
4000 12 +4 8 2 25 3.87
' 4'COO 12 +2 8 4 50 8.00
4000 6 +4 8 2 25 4.38
"4000 - 6 +2 8 4 50 8.75
4000 3 +9 9 2 22 6.94
4000 3 +6 8 2 25 6.25
4000- 3 +4 9 4 44 7.63
4000 3 +2 9 5 56 9.75
2000 25 +4 8 1 12 3.87
2000 3 +6 8 1 12 6.75
SHRILL
10-99
f0
SPEECH
Q w .
NP NR SP ASR
8000 200 -16 9 1 11 1.19
8000 100 -9 16 1 6 1.69
8000 100 -6 9 1 11 0.87
8000 50 -16 16 1 6 1.44
8000 50 -9 16 2 12 1.31
8000 50 -4 9 1 11 3.87
8000 50 -2 13 3 23 7.63
8000 25 -20 14 1 7 0.50
8000 25 -9 9 1 11 1.44
8000 25 -6 16 1 6 2.31
8000 25 -4 16 4 25 5.06
8000 25 -2 14 3 21 3.69
8000 12 -16 16 1 6 1.00
8000 _ 12 -9 9 - 2 22 2.44
8000 12 -6 9 1 11 3.13
8000 12 -4 16 7 44 6.38
8000 12 -2 14 3 21 5.50
8000 6 -12 9 . 1 11 1.31
8000 6 -9 16 3 19 2.50
8000 6 -6 14 1 7 2.69
8000 6 -4 13 3 23 6.44
8000 6 -2 14 7 50 7.69
8000 5 -20 10 1 10 1.38
8000 5 -9 9 2 22 2.63
8000 5 -6 9 4 44 4.88
8000 5 -4 9 5 56 . 6.13
8000 5 -2 13 7 54 8.19
8000 NC 10 1 10 0.75
4000 200 -6 12 1 8 1.69
4000 25 -6 16 2 12 1.88
4000 12 -9 15 1 7 3.06
4000 12 -6 16 2 12 2.50
4000 12 -4 15 1 7 6.19
4000 12 -2 8 1 12 9.00
4000 6 -9 8 1 12 2.75
4000 6 -6 12 1 8 7.63
4000 6 -2 15 1 7 . 8.50
4000 5 -4 15 2 13 7.19
2000 12 -2 . 10 1 10 9.50
500 25 -20 16 1 6 0.38
500 5 -16 16 1 6 0.94
4000 6 +4 8 1 12 2.88
4000 5 +12 9 1 11 1.56
4000 3 +6 8 2 25 4.88
2000 12 - +4 8 1 12 3.75
2000 12 +2 14 1 7 6.86
2000 3 +9 8 1 12 3.13
SIBIIANT
10.100
f0
PINK
Q
NOISE
lDol NP NR RF ASR
8000 200 -16 14 1 7 5.06
8000 200 -12 16 1 6 1.94
8000 200 -9 16 2 12 2.50
8000 200 -6 16 3 19 3.63
8000 200 -4 10 2 20 4.31
8000 200 -2 10 1 10 8.56
8000 100 -20 16 3 19 3.75
8000 100 -6 16 4 25 5.56
8000 100 ' -4 10 . 1 10 6.38
8000 100 -2 14 3 21 6.44
8000 50 -20 16 1 6 1.69
8000 50 -16 16 2 12 3.06
8000 50 -12 16 2 12 2.69
8000 50 -9 10 1 10 3.19
8000 50 -6 10 3 30 . 5.88
8000 50 -4 13 3 23 7.69
8000 50 -2 16 2 12 8.94
8000 25 -16 16 1 6 3.06
8000 25 -12 14 1 7 3.94
8000 . 25 -9 16 3 19 4.69
8000 25 -6 13 5 38 7.19
8000 25 -4 10 1 10 8.75
8000 25 -2 10 1 10 9.56
8000 12 -16 9 1 11 3.69
8000 12 -12 16 4 25 4.81
8000 12 -9 14 2 14 . 3.69
8000 12 -6 16 2 12 9.13
8000 12 -4 13 3 23 8.63
8000 12 -2 14 1 7 9.16
8000 6 -20 16 2. 12 2.69
8000 6 -16 14 2 14 4.38
8000 6 -12 14 3 21 5.25
8000 6 -9 16 4 25 7.50
8000 6 -6 9 2 22 8.88
8000 6 -4 9 2 22 8.38
8000 6 -2 9 3 33 9.50
8000 3 -20 9 1 11 3.13
8000 3 -16 16 3 19 5.19
8000 3 -12 10 3 30 5.56
8000 3 -9 13 3 23 7.56
8000 - 3 -6 9 3 33 9.25
8000 3 -4 10 4 40 9.63
8000 3 -2 14 3 21 9.50
8000 NC 16 2 12 2.75
*000 200 -9 12 1 8 3.13
4000 200 -6 16 3 19 2.63
4000 200 -4 8 1 12 5.50
4000 100 -16 12 1 8 2.13
4000 100 -9 12 1 8 2.19
4000 100 . -6 8 1 12 3.25
4000 50 -12 12 2 17 3.. 50
TOPPY
10.101
fo Q 
PINK NOISE
Pol
(cont.)
NP NR RF ASR
4000 50 -6 16 4 25 5.63
4000 50 -4 8 1 12 8.63
4000 50 -2 12 1 8 9.75
4000 25 -20 16 3 19 3.00
4000 25 -16 12 1 8 2.56
4000 25 -12 16 3 19 3.19
4000 25 -9 16 3 19 4.88
4000 25 -6 12 1 8 7.88
4000 25 -4 12 1 8 8.75
4000 25 -2 8 1 12 9.63
4000 12 -20 12 1 8 1.94
4000 12 -16 12 2 17 3.31
4000 12 -12 15 2 13 4.69
4000 12 -9 15 2 13 6.38
4000 12 -6 8 2 25 8.00
4000 12 -4 8 1 12 9.50
4000 12 -2 12 1 8 9.75
4000 6 -20 12 2 17 2.25
4000 6 -16 12 2 17 3.94
4000 6 -12 12 - 4 33 4.81
4000 6 -9 16 1 6 7.44
4000 6 -6 16 2 12 8.56
4000 6 -4 12 1 8 9.06
4000 6 -2 8 1 12 9.75
4000 5 -16 8 2 25 4.50
4000 3 -12 8 2 25 6.63
4000 3 -9 15 3 20 7.94
4000 3 -6 12 3 25 8.69
4000 3 -4 12 1 8 9.38
4000 3 -2 8 1 12 9.88
2000 200 -6 16 2 12 2.00
2000 50 -12 14 1 7 2.56
2000 50 -6 16 1 6 5.31
2000 25 -20 16 2 12 1.25
2000 25 -12 16 2 12 2.31
2000 25 -4 14 1 7 8.13
2000 12 -20 14 1 7 2.88
2000 12 -16 14 1 7 2.81
2000 12 -12 16 1 6 3.44
2000 6 -16 14 1 7 2.94
2000 6 -12 14 1 7 4.88
2000 6 -9 16 1 6 6.19
2000 6 -2 12 1 8 9.50
2000 3 -12 10 1 10 5.19
2000 3 -9 16 3 19 7.00
1000 200 -16 14 1 7 1.06
1000 200 -12 16 1 6 1.63
1000 200 -6 16 1 6 2.81
1000 100 -20 16 2 12 2.19
1000 100 -6 16 1 6 4.06
TOPPY
XO-102
f0
PINK
Q
NOISE
Pol
(cont,)
NP NR RF ASR
1000 50 -20 16 1 6 1.50
1000 50 -12 16 2 12 2.06
1000 50 -2 16 1 6 9.06
1000 25 -12 14 1 7 2.44
1000 12 -12 16 1 6 3.56
1000 3 -16 16 2 12 2.63
1000 NC 16 2 12 1.88
500 200 -26 16 1 6 1.31
500 200 -12 16 2 12 1.25
500 100 -26 16 1 6 1.31
500 100 -6 16 1 6 1.81
500 50 -26 16 1 6 1.56
500 50 -16 16 1 6 1.38
500 50 -12 16 1 6 1.38
500 50 -6 16 1 6 5.44
500 25 -26 16 1 6 1.56
500 25 -20 16 1 6 1.00
500 25 -16 16 2 12 1.13
500 12 -26 16 1 6 0.75
500 12 -20 16 1 6 1.13
500 12 -16 16 1 6 2.00
500 6 -20 16 1 6 1.44
500 6 -16 16 1 6 1.44
500 6 -12 16 2 12 3.00
500 3 -26 16 1 6 0.87
500 NC 16 1 6 1.25
500 NC 16 2 12 1.19
500 NC 16 1 6 1.25
250 100 -20 16 1 6 1.38
250 50 -16 16 1 6 1.19
250 6 -9 16 1 6 4.63
125 100 -16 15 1 7 1.56
125 100 -12 15 1 7 1.25
125 50 -9 15 1 7 1.13
125 25 -12 15 1 7 1.38
125 25 -9 15 1 7 1.19
125 25 -6 16 1 6 2.75
63 50 -12 16 1 6 1.38
63 50 -2 16 1 6 2.69
63 25 -16 16 1 6 1.19
63 25 -9 16 1 6 1.13
63 25 -2 16 1 6 4.44
63 12 -16 . 16 1 6 1.19
63 12 -4 16 1 6 2.75
63 6 -20 16 1 6 1.81
63 6 16 1 6 3.00
63 3 -6 16 1 6 3.81
4000 200 +4 8 1 12 1.88
toppy
10,103
f0 Q Pol
PINK NOISE (cont.)
NP NR RF ASR
4000 50 +2 8 1 12 9.25
4000 25 +4 9 2 22 6.44
4000 25 +2 8 1 12 9.63
4000 12 +16 8 1 12 5.00
4000 12 +2 8 2 25 9.13
4000 6 +16 8 2 25 6.25
4000 6 +12 9 1 11 6.38
4000 6 +6 8 2 25 6.13
4000 6 +4 8 1 12 8.75
4000 6 +2 8 2 25 9.63
4000 3 +16 8 2 25 8.63
4000 3 +12 9 1 11 8.69
4000 3 +9 8 2 25 8.63
4000 3 +6 8 2 25 8.50
4000 3 +4 8 1 12 9.75
4000 3 +2 8 1 12 9.88
2000 50 +4 14 1 7 3.86
2000 50 +2 8 1 12 8.88
2000 25 +2 14 2 14 8.21
2000 12 +2 8 1 12 9.63
2000 6 +6 8 1 12 4.25
2000 6 +2 14 3 21 8.29
2000 3 . +16 8 1 12 8.13
2000 3 +12 8 1 12 8.38
2000 3 +9 8 1 12 7.50
2000 3 +6 8 2 25 8.75
2000 3 +4 8 1 12 9.13
2000 3 +2 14 1 7 9.86
1000 12 +2 8 1 12 8.88
1000 3 +9 8 1 12 6.75
1000 3 +6 8 1 12 7.13
1000 3 +4 8 1 12 9.25
1000 3 +2 8 1 12 10.00
500 3 +16 8 1 12 6.00
500 3 +9 8 1 12 5.63
500 3 +2 8 1 12 10.00
250 3 +16 7 1 14 6.29
250 3 +12 8 1 12 5.13
250 3 +9 7 1 14 6.43
250 3 +6 7 1 14 6.14
125 3 +12 8 1 12 5.13
125 3 +9 8 1 12 5.13
SPEECH
8000 200 -2 13 1 8 3.87
8000 100 -9 16 1 6 1.69
8000 50 -16 16 1 6 1.44
8000 50 -6 14 1 7 1.31
8000 50 -4 9 1 11 3.87
TOPPY
10*104
f Q 0
SPEECH (cont.
lDol
)
NP NR RF ASR
8000 50 -2 13 1 8 7.65
8000 25 -6 16 1 6 2.31
8000 25 -4 16 3 19 5.06
8000 12 -6 9 1 11 3.13
8000 12 -2 14 1 7 5.50
8000 6 -9 16 1 6 2.50
8000 6 -6 14 1 7 2.69
8000 6 -4 13 1 8 6.44
8000 6 -2 14 2 14 7.69
8000 5 -6 : ^ 1 11 4.88
4000 100 -2 15 1 7 7.81
4000 25 -9 16 4 25 4.56
4000 25 -6 16 1 6 1.88
4000 ‘ 12 -2 8 1 12 9.00
4000 6 -2 15 1 7 8.50
4000 5 -12 16 1 6 1.88
4000 3 -9 15 2 13 5.25
4000 ' 3 -6 12 2 17 4.56
4000 3 -4 15 1 7 7.19
2000 6 -4 12 1 8 7.69
2000 6 -2 16 2 12 7.44
2000 3 -12 16 1 6 1.81
2000 3 -4 16 2 12 7.25
4000 12 +2 8 1 12 6.58
4000 3 +6 8 1 12 4.88
4000 3 +4 8 2 25 7.15
4000 3 +2 8 2 25 9.88
2000 12 +2 14 2 14 6.86
2000 3 +2 14 4 29 9.36
MUSIC
8000 200 -12 16 2 12 1.31
8000 200 -6 14 1 7 1.65
_8000 . 200 -4 13 2 15 3.19
8000 200 -2 16 1 6 6.06
8000 100 -16 16 1 6 1.69
8000 100 -4 16 2 12 2.51
8000 100 -2 16 1 6 5.75
8000 50 -9 16 2 12 3.31
8000 50 -6 13 1 8 4.06
8000 50 -4 13 1 8 4.94
8000 25 -6 16 1 6 2.19
8000., ; 25 -4 13 4 31 6.25
8000 25 -2 10 1 10 8.69
8000 12 -16 10 1 10 1.75
8000 12 -12 16 3 19 2.94
8000 12 -6 16 1 6 6.15
8000 6 -12 14 1 7 2.51
8000 6 -9 16 2 12 3.37
TOPPY
10-105
f0
MUSIC
Q
(cont
Pol
.)
NP NR RF ASR
8000 6 -6 14 2 14 4.69
8000 6 -4 14 4 29 6.51
8000 6 -2 . 10 2 20 9.31
8000 3 -20 16 1 6 2.94
8000 3 -16 9 1 11 2.69
8000 3 -12 13 3 23 3.69
8000 3 -9 9 3 33 6.65
8000 3 -4 14 4 29 7.58
8000 3 -2 10 1 10 8.94
4000 200 -12 8 .1 12 0.87
4000 100 -2 12 1 8 4.75
4000 50 -6 15 • 1 7 2.65
4000 50 -4 15 1 7 5.00
4000 25 - -6 12 1 8 5.00
4000 12 -4 12 1 8 7.19
4000 12 -2 16 1 6 8.81
4000 3 -12 12 1 8 2.25
4000 3 -9 12 2 17 3.56
4000 3 -6 12 1 8 6.15
4000 3 -4 16 1 6 8.51
4000 NC 8 1 12 1.58
2000 200 -6 14 1 7 4.75
2000 25 -6 14 1 7 6.50
4000 12 +2 8 1 12 8.00
4000 6 +2 8 1 12 8.75
4000 3 +16 8 1 12 6.58
4000 3 +12 8 1 12 6.75
4000 3 +9 9 2 22 6.94
4000 3 +6 8 1 12 6.25
4000 3 +4 9 3 33 7.65
2000 3 +9 8 1 12 4.75
2000 3 +4 8 1 12 8.50
2000 3 +2 8 1 12 10.00
1000 3 +2 8 1 12 10.00
TOPPY
10.106
